< ELT c IE7fl L *71EUSj 

CFTR ALLELE DETECTION ASSAYS 

The present Application claims priority to U.S. Provisional Application Serial 
Numbers 60/426,144, filed November 14, 2002, 60/489,095, filed July 21, 2003, 
5 60/497,644, filed August 25, 2003, and 60/515,175, filed October 28, 2003 and is a 
continuation-in-part of U.S. Application Serial Number 10/371,913, filed February 21, 
2003, and U.S. Application Serial Number 10/606,577, filed June 26, 2003, each of 
which is incorporated by reference herein in its entirety. 

1 0 FIELD OF THE INVENTION 

The present invention relates to compositions and methods for the detection and 
characterization of mutations associated with cystic fibrosis. More particularly, the 
present invention relates to compositions, methods and kits for using invasive cleavage 
structure assays (e.g. the INVADER assay) to screen nucleic acid samples, e.g., from 
1 5 patients, for the presence of any one of a collection of mutations in the CFTR gene 
associated with cystic fibrosis. The present invention also relates to compositions, 
methods and kits for screening sets of CFTR alleles in a single reaction container. 

BACKGROUND OF THE INVENTION 

20 Cystic fibrosis (CF) is the most predominant lethal autosomal recessive genetic 

disorder in Caucasians, with affected individuals occurring in approximately 1/3,000 live 
births; incidence is lower in other ethnic groups (Heim, et al, Genetics in Medicine 
3(3): 168-176 (2001)). CF disease is associated with high morbidity and reduced life 
span. Individuals carrying two defective CF chromosomes typically display a panoply of 

25 symptoms, including sinopulmonary disease, pancreatic insufficiency, and male 

infertility. Certain bacterial infections, e.g. Pseudomonas aeruginosa, are typically found 
only in individuals affected by CF (Raman, et al, Pediatrics 109(1): E13 (2002)). CFTR 
mutations are implicated in a broad spectrum of diseases such as congenital bilateral 
absence of the vas deference (CBAVD) (Dumur, et al, Hum Genet 97: 7-10 (1996)), 

30 allergic bronchopulmonary aspergillosis, and isolated chronic pancreatitis (Raman, 
supra). Moreover, disease manifestations may be exacerbated in some cases by 



additional environmental risk factors such as smoking, alcohol consumption, or allergy 
(Raman, supra). 

Approximately one in 25 to 30 Caucasians is a CF carrier (Grody, Cutting, et aL, 
Genetics in Medicine 3(2):149-154 (2001)); however, no noticeable defects or 
5 biochemical or physiological alterations can be readily used to ascertain carrier status 
(Grody and Desnick, Genetics in Medicine 3(2):87-90 (2001)). Determination of carrier 
status, as well as confirmation of CF disease, may be of value in genetic counseling as 
well as in early diagnosis to determine treatment and disease management (Grody and 
Desnick, supra). There is currently no cure for the disease, although recent advances in 

10 palliative treatments have dramatically improved the quality of life and overall longevity 
of affected individuals. 

Diagnosis of CF has been accomplished using various means since the 1950's and 
often requires positive results obtained using more than one clinical parameter 
(Rosenstein and Cutting, Journal of Pediatrics 132(4): 589-595 (1998)). In some cases, 

15 definitive diagnosis can remain elusive for years (Rosenstein and Cutting, supra). Sweat 
chloride testing, involving measurement of chloride in sweat following iontophoresis of 
pilocarpine is a widely used procedure, although there are reports of CF affected 
individuals with normal sweat chloride levels, even upon repeat testing (LeGrys, 
Laboratory Medicine 33(1): 55-57 (2002)). Nasal potential difference, involving 

20 bioelectrical measurements of the nasal epithelium, is another clinical method that has 
been used to detect CF in individuals with normal sweat chloride levels (Wilson, et al, 
Journal of Pediatrics 132 (4): 596-599 (1998)). Immunoreactive trypsinogen (IRT) levels 
have been used alone as well as in combination with mutational analysis for neonatal 
analysis (Gregg, et a/., Pediatrics 99(6): 819-824 (1997)). Elevated IRT levels are 

25 suggestive of CF disease, although the IRT assay alone has low positive predictive value, 
often requires repeat testing (Gregg, et al., supra), and is complicated by age-related 
declines in IRT values beyond 30 days (Rock, et al, Pediatrics 85(6): 1001-1007 (1990)). 

The CFTR gene was first identified in 1989. The gene is located on chromosome 
7, includes 27 exons, and spans 250 kb (Kerem, et al 9 Science 245: 1073-1080 (1989); 

30 Riordan, et a/., Science 245: 1066-1073 (1989); Rommens, et a/., Science 245: 1059- 
1065 (1989)). The wild type gene and several key mutant variants are described in US 
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Patent Nos: 6,001,588; 5,407,496; 5,981,178; 5,776, 677; as well as WO 01/21833 and 
EP 0677900 Bl. CFTR encodes a chloride ion channel; defect-causing lesions in the gene 
result in abnormal intracellular chloride levels, leading to thickened mucosal secretions, 
which in turn affect multiple organ systems. More than 950 mutations have been 
5 identified in the cystic fibrosis transmembrane conductance regulator (CFTR) gene 

((Cystic Fibrosis Genetic Analysis Consortium (CFGAC) 2002). One mutation, AF508, 
causes the loss of a phenylalanine residue at amino acid 508 in CFTR gene product and 
accounts for 66% of defective CF chromosomes worldwide (Bobadilla, et al, Human 
Mutation 19: 575-606 (2002)). The remaining alleles exhibit considerable ethnic and 

10 regional heterogeneity (Bobadilla, et al, supra) and, in many cases, exhibit poor 

genotype-phenotype correlations (Grody, Cutting et al, supra). Severity of CF disease in 
individuals affected by more rare mutations is highly variable. In some cases, atypical, 
moderate, or partial CF disease may be the result of a partially functional CFTR gene 
product (Noone and Knowles, Respiratory Research 2(6):328-332 (2001)). 

15 The identification of the CFTR gene enabled significant advances in CF diagnosis 

and carrier screening. However, use of genetics to establish carrier status or the presence 
of CF disease remains challenging for several reasons. First, the number of exons and the 
overall size of the CFTR gene complicate analysis. Most methods applied to CF testing 
rely on PCR to amplify the more than 15 different exons and intronic regions found thus 

20 far to contain the most frequently encountered mutations; the amplicons are then tested 
individually to determine which mutations, if any, are present. Second, the number of 
mutations identified in the CFTR gene has increased steadily. As recently as 1994, 400 
mutations had been identified; that number grew to more than 950 by 2002 ((Cystic 
Fibrosis Genetic Analysis Consortium (CFGAC) 2002) and is likely to continue to 

25 increase. The existence of so many distinct alleles complicates the use of a number of 
standard mutation detection methods such as PCR-RFLP or AS-PCR. Third, many rarely 
encountered alleles appear to exhibit incomplete penetrance (Grody, Cutting et al supra) 
and may be associated with heterologous genetic alterations (Raman, et al, supra; 
Rohlfs, et al, Genetics in Medicine 4(5):3 19-323 (2002)). Fourth, some alleles, such as 

30 Rl 1 7H, produce different phenotypes depending on chromosomal background 

(Kiesewetter, etal, Nature Genetics 5(3): 274-278 (1993)). Another allele, 3199del6, 
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which produces an in-frame 6-base deletion, appears to be important when present in cis 
with the I148T allele on some chromosomes (Rohlfs, E.M., et al Genetics in Medicine, 
4: 319-323 (2002)). Despite these challenges, widespread genetic screening for CF has 
been recommended for Caucasian and Ashkenazi Jewish couples and made available to 
5 other ethnic groups in the U.S. considering pregnancy or already expecting (Grody, 

Cutting et al supra). The American College of Obstetrics and Gynecology (ACOG), the 
American College of Medical Genetics (AMCG), and the National Center for Human 
Genomics Research (NCHGR) of the NIH have together agreed upon an initial panel of 
25 mutations commonly found in North America, including AF508, to be used for 

10 prenatal and carrier screening in the US (Grody, Cutting et al supra). This panel is more 
inclusive for mutations affecting certain ethnic groups than some others, particularly 
Ashkenazi Jews and Caucasians of North European, non- Jewish descent. Nonetheless, 
the joint committee concluded that all couples seeking to have a child could benefit from 
screening that would identify, at a minimum, 50-65% of CFTR mutations. Future 

15 recommendations will likely expand the core collection of alleles to be screened in order 
to encompass a greater percentage of the alleles found in other subpopulations. 

The case of the most commonly encountered CF allele, AF508, presents a 
particular challenge to nucleic acid-based detection methods. This region contains three 
polymorphisms that do not cause CF but may interfere with hybridization of wild type 

20 probes (Grody, Cutting et al. 2001). These variations result in the following amino acid 
changes: F508C, I507V and I506V. This situation is complicated by the existence of the 
CF-causing mutation AI507. Many methods applied to CF genotyping rely on the use of 
reflex tests to distinguish these benign polymorphisms from the CF-causing mutations in 
codons 507 and 508. Assays that rely primarily on the stringency of annealing of an 

25 oligonucleotide to a target sequence, e.g. AS-PCR or SBH can yield false positive or 

negative results in the presence of such polymorphisms (Fujimura, Northrup et al. 1990). 

What is needed are detection assays that may be applied directly to the analysis of 
CTFR sequences (e.g. genomic sequences), as well as assays capable of detecting 
multiple CTFR alleles in a single reaction vessel. 

30 



4 



SUMMARY OF THE INVENTION 

The present invention provides compositions and methods for the detection and 
characterization of mutations associated with cystic fibrosis. More particularly, the 
present invention provides compositions, methods and kits for using invasive cleavage 
5 structure assays (e.g. the INVADER assay) to screen nucleic acid samples, e.g., from 
patients, for the presence of any one of a collection of mutations in the CFTR gene 
associated with cystic fibrosis. The present invention also provides compositions, 
methods and kits for screening sets of CFTR alleles in a single reaction container. The 
present invention further provides reagents and kits for determining the genotype of the 

10 CFTR gene at any one of a collection of loci associated with cystic fibrosis. 

In other embodiments, synthetic DNA suitable for use with the methods and 
compositions of the present invention is made using a purified polymerase on multiply- 
primed genomic DNA, as provided, e.g., in U.S. Patent Nos. 6,291,187, and 6,323,009, 
and in PCT applications WO 01/88190 and WO 02/00934, each herein incorporated by 

15 reference in their entireties for all purposes. In these embodiments, amplification of 
DNA such as genomic DNA is accomplished using a DNA polymerase, such as the 
highly processive <D 29 polymerase (as described, e.g., in US Patent Nos. 5,198,543 and 
5,001,050, each herein incorporated by reference in their entireties for all purposes) in 
combination with exonuclease-resistant random primers, such as hexamers. The 

20 method is not limited by the nature of the target nucleic acid. In some embodiments, the 
target nucleic acid is single stranded or double stranded DNA or RNA. In some 
embodiments, double stranded nucleic acid is rendered single stranded (e.g., by heat) 
prior to formation of the cleavage structure. In some embodiments, the source of target 
nucleic acid comprises a sample containing genomic DNA. Sample include, but are not 

25 limited to, blood, saliva, cerebral spinal fluid, pleural fluid, milk, lymph, sputum and 
semen. 

In some embodiments, the target nucleic acid comprises genomic DNA or 
mRNA. In other embodiments, the target nucleic acid comprises synthetic DNA or RNA. 
In some preferred embodiments, synthetic DNA or RNA within a sample is created using 
30 a purified polymerase. In some preferred embodiments, creation of synthetic DNA using 
a purified polymerase comprises the use of PCR. In some preferred embodiments, 
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creation of synthetic DNA comprises use of the methods and compositions for 
amplification using RNA-DNA composite primers (e.g., as disclosed in U.S. Patent No. 
6,251,639, herein incorporated by reference in its entirety). In other preferred 
embodiments, creation of synthetic DNA using a purified DNA polymerase suitable for 
5 use with the methods of the present invention comprises use of rolling circle 

amplification, (e.g.,as in U.S. Pat. Nos. 6,210,884, 6,183,960 and 6,235,502, herein 
incorporated by reference in their entireties). In other preferred embodiments, creation of 
synthetic DNA comprises amplification using nucleic acids comprising loop-forming 
sequences, e.g., as described in U.S. Patent No. 6,410,278, herein incorporated by 

10 reference in its entirety. 

In still other embodiments, synthetic DNA suitable for use with the methods and 
compositions of the present invention is made by PCR. In some preferred embodiments, 
multiple PCR reactions are performed in the same reaction vessel to generate targets 
suitable for use with the methods and compositions of the present invention. In some 

15 particularly preferred embodiments, limited PCR cycles are carried out to generate small 
amounts of multiple targets in a single vessel (described in US Patent Appl. Ser. Nos. 
10/321,039, filed December 17, 2002, and 60/511,955, filed October, 16, 2003, each 
incorporated by reference herein in its entirety), either alone, or in combination with an 
additional assay, such as the INVADER assay. In other embodiments, alternative 

20 multiplex PCR approaches such as those described in Makowski, G.S. et al, Ann. Clin. 
Lab. Sci., (2003) 33: 243-250, herein incorporated by reference in its entirety are used to 
generate suitable targets. 

In some preferred embodiments, creation of synthetic DNA comprises copying 
genomic DNA by priming from a plurality of sites on a genomic DNA sample. In some 

25 embodiments, priming from a plurality of sites on a genomic DNA sample comprises 
using short (e.g., fewer than about 8 nucleotides) oligonucleotide primers. In other 
embodiments, priming from a plurality of sites on a genomic DNA comprises extension 
of 3 f ends in nicked, double-stranded genomic DNA (i.e., where a 3' hydroxyl group has 
been made available for extension by breakage or cleavage of one strand of a double 

30 stranded region of DNA). Some examples of making synthetic DNA using a purified 
polymerase on nicked genomic DNAs, suitable for use with the methods and 
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compositions of the present invention, are provided in U.S. Patent Nos. 6,1 17,634, issued 
September 12, 2000, and 6,197,557, issued March 6, 2001, and in PCT application WO 
98/39485, each incorporated by reference herein in their entireties for all purposes. 
The pooled detection assays for detection of mutations in the CFTR gene 
5 provided in the present invention may find use in detection assays that include, but are 
not limited to, enzyme mismatch cleavage methods (e.g., Variagenics, U.S. Pat. Nos. 
6,1 10,684, 5,958,692, 5,851,770, herein incorporated by reference in their entireties); 
polymerase chain reaction; branched hybridization methods (e.g., Chiron, U.S. Pat. Nos. 
5,849,481, 5,710,264, 5,124,246, and 5,624,802, herein incorporated by reference in their 

10 entireties); rolling circle replication (e.g., U.S. Pat. Nos. 6,210,884, 6,183,960 and 

6,235,502, herein incorporated by reference in their entireties); NASBA (e.g., U.S. Pat. 
No. 5,409,818, herein incorporated by reference in its entirety); molecular beacon 
technology (e.g., U.S. Pat. No. 6,150,097, herein incorporated by reference in its 
entirety); E-sensor technology (Motorola, U.S. Pat. Nos. 6,248,229, 6,221,583, 

15 6,013,170, and 6,063,573, herein incorporated by reference in their entireties); cycling 
probe technology (e.g., U.S. Pat. Nos. 5,403,711, 5,011,769, and 5,660,988, herein 
incorporated by reference in their entireties); Dade Behring signal amplification methods 
(e.g., U.S. Pat. Nos. 6,121,001, 6,110,677, 5,914,230, 5,882,867, and 5,792,614, herein 
incorporated by reference in their entireties); ligase chain reaction (Barnay Proc. Natl. 

20 Acad. Sci USA 88, 189-93 (1991)); and sandwich hybridization methods (e.g., U.S. Pat. 
No. 5,288,609, herein incorporated by reference in its entirety). 

In some embodiments, the present invention provides kits or compositions 
comprising a non-amplified oligonucleotide detection assay configured for detecting at 
least one CFTR allele. In other embodiments, the non-amplified oligonucleotide 

25 detection assay comprises first and second oligonucleotides configured to form an 
invasive cleavage structure (e.g. an INVADER assay) in combination with a target 
sequence comprising said at least one CFTR allele. In particular embodiments, the first 
oligonucleotide comprises a 5' portion and a 3 1 portion, wherein the 3 f portion is 
configured to hybridize to the target sequence, and wherein the 5' portion is configured to 

30 not hybridize to the target sequence. In other embodiments, the second oligonucleotide 
comprises a 5 1 portion and a 3' portion, wherein the 5' portion is configured to hybridize 
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to the target sequence, and wherein the 3 1 portion is configured to not hybridize to the 
target sequence. 

In some preferred embodiments, the present invention provides kits or 
compositions comprising a non-amplified oligonucleotide detection assay configured for 
5 detecting at least one CFTR allele or the corresponding wild-type sequence. 

In some embodiments, the at least one CFTR allele is selected from the group 
consisting of 2789+5G>A, Rl 162X, R560T, 1898+1G>A, delI507, 1148T, A455E, or the 
wild-type versions thereof In other embodiments, the at least one CFTR allele comprises 
2789+5G>A, R1162X, R560T, 1898+1G>A, delI507, 1148T, and A455E. 

10 In additional embodiments, the at least one CFTR allele is selected from the group 

consisting of 3120+1G>A, 3659delC, G551D, N1303K, 1078delT, R334W, 71 1+1G>T, 
3849+1 Okb, or the wild-type versions thereof. In certain embodiments, the at least one 
CFTR allele comprises 3120+1G>A, 3659delC, G551D, N1303K, 1078delT, R334W, 
711+1G>T, and3849+10kb. 

15 In other embodiments, the at least one CFTR allele is selected from the group 

consisting of 621+1G>T, W1282X, 1717-1G>A, Rl 17H, or the wild-type versions 
thereof. In some embodiments, the at least one CFTR allele comprises 621+1G>T, 
W1282X, 1717-1G>A, andR117H. 

In particular embodiments, the at least one CFTR allele is selected from the group 

20 consisting of R347P, G85E, 2184delA, G542X, R553X, or the wild-type versions 

thereof. In other embodiments, the at least one CFTR allele comprises R347P, G85E, 
2184delA, G542X, and R553X. In still other embodiments, the at least one CFTR allele 
comprises R347P, G85E, G542X, R553X. 

In some embodiments, the at least one CFTR allele comprises 2184delA or the 

25 wild-type version thereof In certain embodiments, the at least one CFTR allele 

comprises AF508 or the wild-type version thereof In other embodiments, the at least one 
CFTR allele comprises 3 199del6 or the wild-type version thereof In still other 
embodiments, the at least one CFTR allele comprises 2183AA>G or the wild-type 
version thereof In other embodiments, the at least one CFTR allele comprises D1270N, 

30 V520F, R347H, 394delTT, 3S549N, or Dl 1 52H or the wild type versions thereof 



In some embodiments, the present invention provides kits and compositions 
comprising oligonucleotide detection assays configured for detecting a set of CFTR 
alleles, wherein the set is selected from: a) a first set comprising 2789+5G>A, Rl 162X, 
R560T, 1898+1G>A, delI507, 1148T, and A455E; b) a second set comprising 
5 3120+1OA, 3659delC, G551D, N1303K, 1078delT, R334W, 711+1G>T, and 

3849+lOkb; c) a third set comprising 621+1G>T, W1282X, 1717-1G>A, and R117H; and 
d) fourth set comprising R347P, G85E, 2184delA, G542X, and R553X. 

In other embodiments, the present invention provides kits and compositions 
comprising oligonucleotide detection assays configured for detecting a set of CFTR 

10 alleles, wherein the set is selected from: a) a first set comprising 2789+5G>A, Rl 162X, 
R560T, 1898+1G>A, delI507, 1148T, and A455E; b) a second set comprising 
3120+1OA, 3659delC, G551D, N1303K, 1078delT, R334W, 711+1G>T, and 
3849+lOkb; c) a third set comprising 621+1G>T, W1282X, 1717-1G>A, and Rl 17H; d) 
fourth set comprising R347P, G85E, G542X, and R553X, and e) a fifth set comprising 

15 2184delA. 

In other embodiments, the present invention provides methods and compositions 
for the generation and analysis of limited cycle, multiplexed amplification of a large 
collection of CFTR loci. In some embodiments, the collection comprises at least one 
CFTR allele or the corresponding wild-type sequence. In other embodiments, the 

20 collection of CFTR alleles is selected from a) a first set comprising 2789+5G>A, 

R1162X, R560T, 1898+1G>A, delI507, 1148T, and A455E; b) a second set comprising 
3120+1OA, 3659delC, G551D, N1303K, 1078delT, R334W, 711+1G>T, and 
3849+lOkb; c) a third set comprising 621+1G>T, W1282X, 1717-1G>A, and Rl 17H; d) 
fourth set comprising R347P, G85E, G542X, and R553X, and e) a fifth set comprising 

25 2184delA. 

In certain embodiments, the oligonucleotide detection assays are selected from 
sequencing assays, polymerase chain reaction assays, hybridization assays, hybridization 
assays employing a probe complementary to a mutation, microarray assays, bead array 
assays, primer extension assays, enzyme mismatch cleavage assays, branched 
30 hybridization assays, rolling circle replication assays, NASBA assays, molecular beacon 
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assays, cycling probe assays, ligase chain reaction assays, invasive cleavage structure 
assays, ARMS assays, and sandwich hybridization assays. 

In some embodiments, the present invention provides methods of detecting an 
allele in the CFTR gene or method for diagnosing cystic fibrosis (or carrier status), 
5 comprising; a) providing; i) a sample from a subject; and ii) a composition comprising an 
oligonucleotide detection assay (e.g. as described herein); and b) contacting said sample 
with said composition such that the presence or absence of at least one allele in said 
CFTR gene is determined. In some embodiments, the sample is a blood sample or blood 
fraction sample (e.g. plasma, serum, red blood cells), mouth swab sample, e.g. buccal 

10 cells, cervical swab, stool, saliva sample, or other biological fluid sample from the 
subject such as pleural fluid, sputum, urine, amnion, cerebrospinal fluid, or sweat. 

The present invention also provides methods and kits for detecting at least one 
CFTR allele comprising D1270N, V520F, R347H, 394delTT, 3S549N, or Dl 152H or the 
wild type versions thereof or 3905insT, Y1092X C>G, 3949+4A>G, 3876delA, Q493X, 

15 G551D, R553X, Rl 162X, S549R A>C, S549R T>G, F508C, Y1092X OA, AI507, IVS- 
8 5T/7T/9T, Y122X, or 1898 +1 G>A. 

The present invention further provides a method for detecting a plurality of CFTR 
alleles, comprising: a) providing a sample comprising CFTR target nucleic acid; b) 
amplifying the CFTR target nucleic acid with 25 (e.g., 24, 23, 22, 21, 20, . . .) cycles or 

20 fewer of a polymerase chain reaction to generate amplified target nucleic acid; and c) 

exposing the amplified target nucleic acid to a plurality of detection assays configured to 
detect a plurality of CFTR alleles under conditions such that the presence or absence of 
said CFTR alleles is detected. In some embodiments, the plurality of CFTR alleles 
comprise twenty or more (e.g., 21, 22, 23, 24, . . .) different CFTR alleles. In some 

25 embodiments, the PCR is conducted within a single reaction vessel. In some preferred 
embodiments, the amplifying and exposing are conducted simultaneously. In preferred 
embodiments, the assays comprise invasive cleavage assays. 

30 
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DEFINITIONS 

To facilitate an understanding of the present invention, a number of terms and 
phrases are defined below: 

As used herein, the terms "subject" and "patient" refer to any organisms including 
5 plants, microorganisms and animals (e.g., mammals such as dogs, cats, livestock, and 
humans). 

As used herein, the term "INVADER assay reagents" refers to one or more 
reagents for detecting target sequences, said reagents comprising oligonucleotides 
capable of forming an invasive cleavage structure in the presence of the target sequence. 

10 In some embodiments, the INVADER assay reagents further comprise an agent for 

detecting the presence of an invasive cleavage structure (e.g., a cleavage agent). In some 
embodiments, the oligonucleotides comprise first and second oligonucleotides, said first 
oligonucleotide comprising a 5 f portion complementary to a first region of the target 
nucleic acid and said second oligonucleotide comprising a 3' portion and a 5* portion, said 

15 5' portion complementary to a second region of the target nucleic acid downstream of and 
contiguous to the first portion. In some embodiments, the 3 ? portion of the second 
oligonucleotide comprises a 3* terminal nucleotide not complementary to the target 
nucleic acid. In preferred embodiments, the 3 ? portion of the second oligonucleotide 
consists of a single nucleotide not complementary to the target nucleic acid. 

20 In some embodiments, INVADER assay reagents are configured to detect a target 

nucleic acid sequence comprising first and second non-contiguous single-stranded 
regions separated by an intervening region comprising a double-stranded region. In 
preferred embodiments, the INVADER assay reagents comprise a bridging 
oligonucleotide capable of binding to said first and second non-contiguous single- 

25 stranded regions of a target nucleic acid sequence. In particularly preferred 

embodiments, either or both of said first or said second oligonucleotides of said 
INVADER assay reagents are bridging oligonucleotides. 

In some embodiments, the INVADER assay reagents further comprise a solid 
support. For example, in some embodiments, the one or more oligonucleotides of the 

30 assay reagents (e.g., first and/or second oligonucleotide, whether bridging or non- 
bridging) is attached to said solid support. In some embodiments, the INVADER assay 

11 



reagents further comprise a buffer solution. In some preferred embodiments, the buffer 
solution comprises a source of divalent cations (e.g., Mn2+ and/or Mg2 + ions). 
Individual ingredients (e.g., oligonucleotides, enzymes, buffers, target nucleic acids) that 
collectively make up INVADER assay reagents are termed "INVADER assay reagent 
5 components". 

In some embodiments, the INVADER assay reagents further comprise a third 
oligonucleotide complementary to a third portion of the target nucleic acid upstream of 
the first portion of the first target nucleic acid. In yet other embodiments, the INVADER 
assay reagents further comprise a target nucleic acid. In some embodiments, the 

10 INVADER assay reagents further comprise a second target nucleic acid. In yet other 
embodiments, the INVADER assay reagents further comprise a third oligonucleotide 
comprising a 5' portion complementary to a first region of the second target nucleic acid. 
In some specific embodiments, the 3' portion of the third oligonucleotide is covalently 
linked to the second target nucleic acid. In other specific embodiments, the second target 

15 nucleic acid further comprises a 5 1 portion, wherein the 5 1 portion of the second target 

nucleic acid is the third oligonucleotide. In still other embodiments, the INVADER assay 
reagents further comprise an ARRESTOR molecule (e.g., ARRESTOR oligonucleotide). 

In some preferred embodiments, the INVADER assay reagents further comprise 
reagents for detecting a nucleic acid cleavage product. In some embodiments, one or 

20 more oligonucleotides in the INVADER assay reagents comprise a label. In some 

preferred embodiments, said first oligonucleotide comprises a label. In other preferred 
embodiments, said third oligonucleotide comprises a label. In particularly preferred 
embodiments, the reagents comprise a first and/or a third oligonucleotide labeled with 
moieties that produce a fluorescence resonance energy transfer (FRET) effect. 

25 In some embodiments one or more the INVADER assay reagents may be 

provided in a predispensed format (i.e., premeasured for use in a step of the procedure 
without re-measurement or re-dispensing). In some embodiments, selected INVADER 
assay reagent components are mixed and predispensed together. In other embodiments, 
In preferred embodiments, predispensed assay reagent components are predispensed and 

30 are provided in a reaction vessel (including but not limited to a reaction tube or a well, as 
in, e.g., a microtiter plate). In particularly preferred embodiments, predispensed 
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INVADER assay reagent components are dried down (e.g., desiccated or lyophilized) in 
a reaction vessel. 

In some embodiments, the INVADER assay reagents are provided as a kit. As 
used herein, the term "kit" refers to any delivery system for delivering materials. In the 
5 context of reaction assays, such delivery systems include systems that allow for the 
storage, transport, or delivery of reaction reagents (e.g., oligonucleotides, enzymes, etc. 
in the appropriate containers) and/or supporting materials (e.g., buffers, written 
instructions for performing the assay etc.) from one location to another. For example, 
kits include one or more enclosures (e.g., boxes) containing the relevant reaction reagents 

10 and/or supporting materials. As used herein, the term "fragmented kit" refers to delivery 
systems comprising two or more separate containers that each contains a subportion of 
the total kit components. The containers may be delivered to the intended recipient 
together or separately. For example, a first container may contain an enzyme for use in 
an assay, while a second container contains oligonucleotides. The term "fragmented kit" 

15 is intended to encompass kits containing Analyte specific reagents (ASR's) regulated 
under section 520(e) of the Federal Food, Drug, and Cosmetic Act, but are not limited 
thereto. Indeed, any delivery system comprising two or more separate containers that 
each contains a subportion of the total kit components are included in the term 
"fragmented kit." In contrast, a "combined kit" refers to a delivery system containing all 

20 of the components of a reaction assay in a single container (e.g., in a single box housing 
each of the desired components). The term "kit" includes both fragmented and combined 
kits. 

In some embodiments, the present invention provides INVADER assay reagent 
kits comprising one or more of the components necessary for practicing the present 

25 invention. For example, the present invention provides kits for storing or delivering the 
enzymes and/or the reaction components necessary to practice an INVADER assay. The 
kit may include any and all components necessary or desired for assays including, but not 
limited to, the reagents themselves, buffers, control reagents (e.g., tissue samples, 
positive and negative control target oligonucleotides, etc.), solid supports, labels, written 

30 and/or pictorial instructions and product information, inhibitors, labeling and/or detection 
reagents, package environmental controls (e.g., ice, desiccants, etc.), and the like. In 
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some embodiments, the kits provide a sub-set of the required components, wherein it is 
expected that the user will supply the remaining components. In some embodiments, the 
kits comprise two or more separate containers wherein each container houses a subset of 
the components to be delivered. For example, a first container (e.g., box) may contain an 
5 enzyme (e.g., structure specific cleavage enzyme in a suitable storage buffer and 
container), while a second box may contain oligonucleotides (e.g., INVADER 
oligonucleotides, probe oligonucleotides, control target oligonucleotides, etc.). 

The term "label" as used herein refers to any atom or molecule that can be used to 
provide a detectable (preferably quantifiable) effect, and that can be attached to a nucleic 

10 acid or protein. Labels include but are not limited to dyes; radiolabels such as 32 P; 
binding moieties such as biotin; haptens such as digoxgenin; luminogenic, 
phosphorescent or fluorogenic moieties; mass tags; and fluorescent dyes alone or in 
combination with moieties that can suppress or shift emission spectra by fluorescence 
resonance energy transfer (FRET). Labels may provide signals detectable by 

15 fluorescence, radioactivity, colorimetry, gravimetry, X-ray diffraction or absorption, 

magnetism, enzymatic activity, characteristics of mass or behavior affected by mass (e.g., 
MALDI time-of- flight mass spectrometry), and the like. A label may be a charged 
moiety (positive or negative charge) or alternatively, may be charge neutral. Labels can 
include or consist of nucleic acid or protein sequence, so long as the sequence comprising 

20 the label is detectable. 

As used herein, the term "distinct" in reference to signals refers to signals that can 
be differentiated one from another, e.g., by spectral properties such as fluorescence 
emission wavelength, color, absorbance, mass, size, fluorescence polarization properties, 
charge, etc., or by capability of interaction with another moiety, such as with a chemical 

25 reagent, an enzyme, an antibody, etc. 

As used herein, the terms "complementary" or "complementarity" are used in 
reference to polynucleotides (i.e., a sequence of nucleotides such as an oligonucleotide or 
a target nucleic acid) related by the base-pairing rules. For example, the sequence " 5 -A- 
G-T-3 1 ," is complementary to the sequence " 3'-T-C-A-5\" Complementarity may be 

30 "partial," in which only some of the nucleic acids 1 bases are matched according to the 
base pairing rules. Or, there may be "complete" or "total" complementarity between the 
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nucleic acids. The degree of complementarity between nucleic acid strands has 
significant effects on the efficiency and strength of hybridization between nucleic acid 
strands. This is of particular importance in amplification reactions, as well as detection 
methods which depend upon binding between nucleic acids. Either term may also be 
5 used in reference to individual nucleotides, especially within the context of 

polynucleotides. For example, a particular nucleotide within an oligonucleotide may be 
noted for its complementarity, or lack thereof, to a nucleotide within another nucleic acid 
strand, in contrast or comparison to the complementarity between the rest of the 
oligonucleotide and the nucleic acid strand. 

10 The term "homology" and "homologous" refers to a degree of identity. There 

may be partial homology or complete homology. A partially homologous sequence is 
one that is less than 100% identical to another sequence. 

As used herein, the term "hybridization" is used in reference to the pairing of 
complementary nucleic acids. Hybridization and the strength of hybridization (i.e., the 

15 strength of the association between the nucleic acids) is influenced by such factors as the 
degree of complementary between the nucleic acids, stringency of the conditions 
involved, and the T m of the formed hybrid. "Hybridization" methods involve the 
annealing of one nucleic acid to another, complementary nucleic acid, i.e., a nucleic acid 
having a complementary nucleotide sequence. The ability of two polymers of nucleic 

20 acid containing complementary sequences to find each other and anneal through base 
pairing interaction is a well-recognized phenomenon. The initial observations of the 
"hybridization" process by Marmur and Lane, Proc. Natl. Acad. Sci. USA 46:453 (1960) 
and Doty et al., Proc. Natl. Acad. Sci. USA 46:461 (1960) have been followed by the 
refinement of this process into an essential tool of modern biology. 

25 The complement of a nucleic acid sequence as used herein refers to an 

oligonucleotide which, when aligned with the nucleic acid sequence such that the 5' end 
of one sequence is paired with the 3 1 end of the other, is in "antiparallel association." 
Certain bases not commonly found in natural nucleic acids may be included in the nucleic 
acids of the present invention and include, for example, inosine and 7-deazaguanine. 

30 Complementarity need not be perfect; stable duplexes may contain mismatched base 
pairs or unmatched bases. Those skilled in the art of nucleic acid technology can 
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determine duplex stability empirically considering a number of variables including, for 
example, the length of the oligonucleotide, base composition and sequence of the 
oligonucleotide, ionic strength and incidence of mismatched base pairs. 

As used herein, the term " T m " is used in reference to the "melting temperature." 
5 The melting temperature is the temperature at which a population of double-stranded 
nucleic acid molecules becomes half dissociated into single strands. Several equations 
for calculating the T m of nucleic acids are well known in the art. As indicated by 
standard references, a simple estimate of the T m value may be calculated by the equation: 
T m = 81.5 + 0.4 1(% G + C), when a nucleic acid is in aqueous solution at 1 M NaCl (see 

10 e.g. , Anderson and Young, Quantitative Filter Hybridization, in Nucleic Acid 
Hybridization (1985). Other references (e.g., Allawi, H.T. & SantaLucia, J., Jr. 
Thermodynamics and NMR of internal G.T mismatches in DNA. Biochemistry 36, 
10581-94 (1997) include more sophisticated computations which take structural and 
environmental, as well as sequence characteristics into account for the calculation of T m . 

15 The term "gene" refers to a DNA sequence that comprises control and coding 

sequences necessary for the production of an RNA having a non-coding function (e.g., a 
ribosomal or transfer RNA), a polypeptide or a precursor. The RNA or polypeptide can 
be encoded by a full length coding sequence or by any portion of the coding sequence so 
long as the desired activity or function is retained. 

20 The term "wild-type" refers to a gene or a gene product that has the characteristics 

of that gene or gene product when isolated from a naturally occurring source. A wild- 
type gene is that which is most frequently observed in a population and is thus arbitrarily 
designated the "normal" or "wild-type" form of the gene. In contrast, the term "modified" 
,"mutant" or "polymorphic" refers to a gene or gene product which displays modifications 

25 in sequence and or functional properties (i.e., altered characteristics) when compared to 
the wild-type gene or gene product. It is noted that naturally-occurring mutants can be 
isolated; these are identified by the fact that they have altered characteristics when 
compared to the wild-type gene or gene product. 

The term "recombinant DNA vector" as used herein refers to DNA sequences 

30 containing a desired heterologous sequence. For example, although the term is not 

limited to the use of expressed sequences or sequences that encode an expression product, 
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in some embodiments, the heterologous sequence is a coding sequence and appropriate 
DNA sequences necessary for either the replication of the coding sequence in a host 
organism, or the expression of the operably linked coding sequence in a particular host 
organism. DNA sequences necessary for expression in prokaryotes include a promoter, 
5 optionally an operator sequence, a ribosome binding site and possibly other sequences. 
Eukaryotic cells are known to utilize promoters, polyadenlyation signals and enhancers. 

The term "oligonucleotide" as used herein is defined as a molecule comprising 
two or more deoxyribonucleotides or ribonucleotides, preferably at least 5 nucleotides, 
more preferably at least about 10-15 nucleotides and more preferably at least about 15 to 

10 30 nucleotides. The exact size will depend on many factors, which in turn depend on the 
ultimate function or use of the oligonucleotide. The oligonucleotide may be generated in 
any manner, including chemical synthesis, DNA replication, reverse transcription, PCR, 
or a combination thereof. 

Because mononucleotides are reacted to make oligonucleotides in a manner such 

15 that the 5' phosphate of one mononucleotide pentose ring is attached to the 3' oxygen of 
its neighbor in one direction via a phosphodiester linkage, an end of an oligonucleotide is 
referred to as the "5' end" if its 5 f phosphate is not linked to the 3' oxygen of a 
mononucleotide pentose ring and as the "3* end" if its 3 1 oxygen is not linked to a 5 ! 
phosphate of a subsequent mononucleotide pentose ring. As used herein, a nucleic acid 

20 sequence, even if internal to a larger oligonucleotide, also may be said to have 5 f and 3 f 
ends. A first region along a nucleic acid strand is said to be upstream of another region if 
the 3 f end of the first region is before the 5 ? end of the second region when moving along 
a strand of nucleic acid in a 5 f to 3' direction. 

When two different, non-overlapping oligonucleotides anneal to different regions 

25 of the same linear complementary nucleic acid sequence, and the 3' end of one 

oligonucleotide points towards the 5 f end of the other, the former may be called the 
"upstream" oligonucleotide and the latter the "downstream" oligonucleotide. Similarly, 
when two overlapping oligonucleotides are hybridized to the same linear complementary 
nucleic acid sequence, with the first oligonucleotide positioned such that its 5 ? end is 

30 upstream of the 5' end of the second oligonucleotide, and the 3* end of the first 
oligonucleotide is upstream of the 3' end of the second oligonucleotide, the first 
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oligonucleotide may be called the "upstream 11 oligonucleotide and the second 
oligonucleotide may be called the "downstream" oligonucleotide. 

The term "primer" refers to an oligonucleotide that is capable of acting as a point 
of initiation of synthesis when placed under conditions in which primer extension is 
5 initiated. An oligonucleotide "primer" may occur naturally, as in a purified restriction 
digest or may be produced synthetically. 

A primer is selected to be "substantially" complementary to a strand of specific 
sequence of the template. A primer must be sufficiently complementary to hybridize 
with a template strand for primer elongation to occur. A primer sequence need not reflect 

10 the exact sequence of the template. For example, a non-complementary nucleotide 
fragment may be attached to the 5 1 end of the primer, with the remainder of the primer 
sequence being substantially complementary to the strand. Non-complementary bases or 
longer sequences can be interspersed into the primer, provided that the primer sequence 
has sufficient complementarity with the sequence of the template to hybridize and 

1 5 thereby form a template primer complex for synthesis of the extension product of the 
primer. 

The term "cleavage structure" as used herein, refers to a structure that is formed 
by the interaction of at least one probe oligonucleotide and a target nucleic acid, forming 
a structure comprising a duplex, the resulting structure being cleavable by a cleavage 

20 means, including but not limited to an enzyme. The cleavage structure is a substrate for 
specific cleavage by the cleavage means in contrast to a nucleic acid molecule that is a 
substrate for non-specific cleavage by agents such as phosphodiesterases which cleave 
nucleic acid molecules without regard to secondary structure {i.e., no formation of a 
duplexed structure is required). 

25 The term "cleavage means" or "cleavage agent" as used herein refers to any 

means that is capable of cleaving a cleavage structure, including but not limited to 
enzymes. "Structure-specific nucleases" or "structure-specific enzymes" are enzymes 
that recognize specific secondary structures in a nucleic molecule and cleave these 
structures. The cleavage means of the invention cleave a nucleic acid molecule in 

30 response to the formation of cleavage structures; it is not necessary that the cleavage 
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means cleave the cleavage structure at any particular location within the cleavage 
structure. 

The cleavage means may include nuclease activity provided from a variety of 
sources including the Cleavase enzymes, the FEN-1 endonucleases (including RAD2 and 
5 XPG proteins), Taq DNA polymerase and E. coli DNA polymerase I. The cleavage 
means may include enzymes having 5' nuclease activity (e.g., Taq DNA polymerase 
(DNAP), E. coli DNA polymerase I). The cleavage means may also include modified 
DNA polymerases having 5' nuclease activity but lacking synthetic activity. Examples of 
cleavage means suitable for use in the method and kits of the present invention are 
10 provided in U.S. Patent Nos. 5,614,402; 5,795,763; 5,843,669; 6,090; PCT Appln. Nos 
WO 98/23774; WO 02/070755 A2; and WO0190337A2, each of which is herein 
incorporated by reference it its entirety. 

The term "thermostable" when used in reference to an enzyme, such as a 5* 
nuclease, indicates that the enzyme is functional or active (i.e., can perform catalysis) at 
1 5 an elevated temperature, i.e., at about 55°C or higher. 

The term "cleavage products" as used herein, refers to products generated by the 
reaction of a cleavage means with a cleavage structure (i.e., the treatment of a cleavage 
structure with a cleavage means). 

The term "target nucleic acid" refers to a nucleic acid molecule containing a 
20 sequence that has at least partial complementarity with at least a probe oligonucleotide 
and may also have at least partial complementarity with an INVADER oligonucleotide. 
The target nucleic acid may comprise single- or double-stranded DNA or RNA. 

The term "non-target cleavage product" refers to a product of a cleavage reaction 
that is not derived from the target nucleic acid. As discussed above, in the methods of the 
25 present invention, cleavage of the cleavage structure generally occurs within the probe 
oligonucleotide. The fragments of the probe oligonucleotide generated by this target 
nucleic acid-dependent cleavage are "non-target cleavage products." 

The term "probe oligonucleotide" refers to an oligonucleotide that interacts with a 
target nucleic acid to form a cleavage structure in the presence or absence of an 
30 INVADER oligonucleotide. When annealed to the target nucleic acid, the probe 
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oligonucleotide and target form a cleavage structure and cleavage occurs within the probe 
oligonucleotide. 

The term "INVADER oligonucleotide" refers to an oligonucleotide that 
hybridizes to a target nucleic acid at a location near the region of hybridization between a 
5 probe and the target nucleic acid, wherein the INVADER oligonucleotide comprises a 
portion (e.g., a chemical moiety, or nucleotide — whether complementary to that target or 
not) that overlaps with the region of hybridization between the probe and target. In some 
embodiments, the INVADER oligonucleotide contains sequences at its 3' end that are 
substantially the same as sequences located at the 5' end of a probe oligonucleotide. 

10 The term "cassette" as used herein refers to an oligonucleotide or combination of 

oligonucleotides configured to generate a detectable signal in response to cleavage of a 
probe oligonucleotide in an INVADER assay. In preferred embodiments, the cassette 
hybridizes to a non-target cleavage product from cleavage of the probe oligonucleotide to 
form a second invasive cleavage structure, such that the cassette can then be cleaved. 

15 In some embodiments, the cassette is a single oligonucleotide comprising a 

hairpin portion (i.e., a region wherein one portion of the cassette oligonucleotide 
hybridizes to a second portion of the same oligonucleotide under reaction conditions, to 
form a duplex). In other embodiments, a cassette comprises at least two oligonucleotides 
comprising complementary portions that can form a duplex under reaction conditions. In 

20 preferred embodiments, the cassette comprises a label. In particularly preferred 

embodiments, cassette comprises labeled moieties that produce a fluorescence resonance 
energy transfer (FRET) effect. 

The term "substantially single-stranded" when used in reference to a nucleic acid 
substrate means that the substrate molecule exists primarily as a single strand of nucleic 

25 acid in contrast to a double-stranded substrate which exists as two strands of nucleic acid 
which are held together by inter-strand base pairing interactions. 

As used herein, the phrase "non-amplified oligonucleotide detection assay" refers 
to a detection assay configured to detect the presence or absence of a particular 
polymorphism (e.g., SNP, repeat sequence, etc.) in a target sequence (e.g. genomic DNA) 

30 that has not been amplified (e.g. by PCR), without creating copies of the target sequence. 
A "non-amplified oligonucleotide detection assay" may, for example, amplify a signal 
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used to indicate the presence or absence of a particular polymorphism in a target 
sequence, so long as the target sequence is not copied. 

The term "sequence variation 1 ' as used herein refers to differences in nucleic acid 
sequence between two nucleic acids. For example, a wild-type structural gene and a 
5 mutant form of this wild-type structural gene may vary in sequence by the presence of 
single base substitutions and/or deletions or insertions of one or more nucleotides. These 
two forms of the structural gene are said to vary in sequence from one another. A second 
mutant form of the structural gene may exist. This second mutant form is said to vary in 
sequence from both the wild-type gene and the first mutant form of the gene. 

10 The term "liberating" as used herein refers to the release of a nucleic acid 

fragment from a larger nucleic acid fragment, such as an oligonucleotide, by the action 
of, for example, a 5 1 nuclease such that the released fragment is no longer covalently 
attached to the remainder of the oligonucleotide. 

The term "K m " as used herein refers to the Michaelis-Menten constant for an 

15 enzyme and is defined as the concentration of the specific substrate at which a given 
enzyme yields one-half its maximum velocity in an enzyme catalyzed reaction. 

The term "nucleotide analog" as used herein refers to modified or non-naturally 
occurring nucleotides including but not limited to analogs that have altered stacking 
interactions such as 7-deaza purines (i.e., 7-deaza-dATP and 7-deaza-dGTP); base 

20 analogs with alternative hydrogen bonding configurations (e.g., such as Iso-C and Iso-G 
and other non-standard base pairs described in U.S. Patent No. 6,001,983 to S. Benner); 
non-hydrogen bonding analogs (e.g., non-polar, aromatic nucleoside analogs such as 2,4- 
difluorotoluene, described by B.A. Schweitzer and E.T. Kool, J. Org. Chem., 1994, 59, 
7238-7242, B.A. Schweitzer and E.T. Kool, J. Am. Chem. Soc, 1995, 117, 1863-1872); 

25 "universal" bases such as 5-nitroindole and 3-nitropyrrole; and universal purines and 
pyrimidines (such as "K" and "P" nucleotides, respectively; P. Kong, et al, Nucleic 
Acids Res., 1989, 17, 10373-10383, P. Kong et al, Nucleic Acids Res., 1992, 20, 5149- 
5 152). Nucleotide analogs include comprise modified forms of deoxyribonucleotides as 
well as ribonucleotides. 

30 The term "polymorphic locus" is a locus present in a population that shows 

variation between members of the population (e.g.., the most common allele has a 
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frequency of less than 0.95). In contrast, a "monomorphic locus" is a genetic locus at 
little or no variations seen between members of the population (generally taken to be a 
locus at which the most common allele exceeds a frequency of 0.95 in the gene pool of 
the population). 

5 The term "microorganism" as used herein means an organism too small to be 

observed with the unaided eye and includes, but is not limited to bacteria, virus, 
protozoans, fungi, and ciliates. 

The term "microbial gene sequences" refers to gene sequences derived from a 
microorganism. 

10 The term "bacteria" refers to any bacterial species including eubacterial and 

archaebacterial species. 

The term "virus" refers to obligate, ultramicroscopic, intracellular parasites 
incapable of autonomous replication (i.e., replication requires the use of the host cell's 
machinery). 

15 The term "multi-drug resistant" or multiple-drug resistant" refers to a 

microorganism that is resistant to more than one of the antibiotics or antimicrobial agents 
used in the treatment of said microorganism. 

The term "sample" in the present specification and claims is used in its broadest 
sense. On the one hand it is meant to include a specimen or culture (e.g., microbiological 

20 cultures). On the other hand, it is meant to include both biological and environmental 
samples. A sample may include a specimen of synthetic origin. 

Biological samples may be animal, including human, fluid, solid (e.g., stool) or 
tissue, as well as liquid and solid food and feed products and ingredients such as dairy 
items, vegetables, meat and meat by-products, and waste. In particular, biological 

25 samples may include blood or blood fractions (e.g. plasma, serum, red blood cells), urine, 
stool, cerebrospinal fluid, pleural fluid, amnion, sputum, buccal swabs, cervical swabs, 
formalin fixed tissue samples, skin, or tumor tissue. Biological samples may be obtained 
from all of the various families of domestic animals, as well as feral or wild animals, 
including, but not limited to, such animals as ungulates, bear, fish, lagomorphs, rodents, 

30 etc. 
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Environmental samples include environmental material such as surface matter, 
soil, water, air, and industrial samples, as well as samples obtained from food and dairy 
processing instruments, apparatus, equipment, utensils, disposable and non-disposable 
items. These examples are not to be construed as limiting the sample types applicable to 
5 the present invention. 

The term "source of target nucleic acid" refers to any sample that contains nucleic 
acids (RNA or DNA). Particularly preferred sources of target nucleic acids are biological 
samples including, but not limited to blood, saliva, cerebral spinal fluid, pleural fluid, 
milk, lymph, sputum and semen. 

10 An oligonucleotide is said to be present in "excess" relative to another 

oligonucleotide (or target nucleic acid sequence) if that oligonucleotide is present at a 
higher molar concentration that the other oligonucleotide (or target nucleic acid 
sequence). When an oligonucleotide such as a probe oligonucleotide is present in a 
cleavage reaction in excess relative to the concentration of the complementary target 

15 nucleic acid sequence, the reaction may be used to indicate the amount of the target 

nucleic acid present. Typically, when present in excess, the probe oligonucleotide will be 
present at at least a 100-fold molar excess; typically at least 1 pmole of each probe 
oligonucleotide would be used when the target nucleic acid sequence was present at 
about 10 fmoles or less. 

20 A sample "suspected of containing" a first and a second target nucleic acid may 

contain either, both or neither target nucleic acid molecule. 

The term "reactant" is used herein in its broadest sense. The reactant can 
comprise, for example, an enzymatic reactant, a chemical reactant or light (e.g., 
ultraviolet light, particularly short wavelength ultraviolet light is known to break 

25 oligonucleotide chains). Any agent capable of reacting with an oligonucleotide to either 
shorten (i.e., cleave) or elongate the oligonucleotide is encompassed within the term 
"reactant." 

As used herein, the term "purified" or "to purify" refers to the removal of 
contaminants from a sample. For example, recombinant CLEAVASE nucleases are 
30 expressed in bacterial host cells and the nucleases are purified by the removal of host cell 
proteins; the percent of these recombinant nucleases is thereby increased in the sample. 
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As used herein the term "portion" when in reference to a protein (as in "a portion 
of a given protein") refers to fragments of that protein. The fragments may range in size 
from four amino acid residues to the entire amino acid sequence minus one amino acid 
(e.g., 4, 5,6, ...,n-l). 

5 The term "nucleic acid sequence" as used herein refers to an oligonucleotide, 

nucleotide or polynucleotide, and fragments or portions thereof, and to DNA or RNA of 
genomic or synthetic origin which may be single or double stranded, and represent the 
sense or antisense strand. Similarly, "amino acid sequence" as used herein refers to 
peptide or protein sequence. 

10 As used herein, the terms "purified" or "substantially purified" refer to 

molecules, either nucleic or amino acid sequences, that are removed from their natural 
environment, isolated or separated, and are at least 60% free, preferably 75% free, and 
most preferably 90% free from other components with which they are naturally 
associated. An "isolated polynucleotide" or "isolated oligonucleotide" is therefore a 

1 5 substantially purified polynucleotide. 

The term "continuous strand of nucleic acid" as used herein is means a strand of 
nucleic acid that has a continuous, covalently linked, backbone structure, without nicks or 
other disruptions. The disposition of the base portion of each nucleotide, whether 
base-paired, single-stranded or mismatched, is not an element in the definition of a 

20 continuous strand. The backbone of the continuous strand is not limited to the 

ribose-phosphate or deoxyribose-phosphate compositions that are found in naturally 
occurring, unmodified nucleic acids. A nucleic acid of the present invention may 
comprise modifications in the structure of the backbone, including but not limited to 
phosphorothioate residues, phosphonate residues, T substituted ribose residues {e.g., 

25 2'-0-methyl ribose) and alternative sugar (e.g., arabinose) containing residues. 

The term "continuous duplex" as used herein refers to a region of double stranded 
nucleic acid in which there is no disruption in the progression of basepairs within the 
duplex (i.e., the base pairs along the duplex are not distorted to accommodate a gap, 
bulge or mismatch with the confines of the region of continuous duplex). As used herein 

30 the term refers only to the arrangement of the basepairs within the duplex, without 
implication of continuity in the backbone portion of the nucleic acid strand. Duplex 
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nucleic acids with uninterrupted basepairing, but with nicks in one or both strands are 
within the definition of a continuous duplex. 

The term "duplex" refers to the state of nucleic acids in which the base portions of 
the nucleotides on one strand are bound through hydrogen bonding the their 
complementary bases arrayed on a second strand. The condition of being in a duplex 
form reflects on the state of the bases of a nucleic acid. By virtue of base pairing, the 
strands of nucleic acid also generally assume the tertiary structure of a double helix, 
having a major and a minor groove. The assumption of the helical form is implicit in the 
act of becoming duplexed. 

The term "template" refers to a strand of nucleic acid on which a complementary 
copy is built from nucleoside triphosphates through the activity of a template-dependent 
nucleic acid polymerase. Within a duplex the template strand is, by convention, depicted 
and described as the "bottom" strand. Similarly, the non-template strand is often depicted 
and described as the "top" strand. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a schematic diagram of INVADER oligonucleotides , probe 
oligonucleotides and FRET cassettes for detecting two different alleles (e.g., differing by 
a single nucleotide) in a single reaction. 

Figure 2 shows a table of invasive cleavage structure assay components (e.g., 
oligonucleotide INVADER assay components) for use in detecting the indicated 
mutations or genes. The INVADER assay components may be used as individual sets 
(e.g., the components used to detect a mutation at an individual locus) or may be grouped 
as they would be used together in a single pooled or multiplex reaction (See Exemplary 
Pool column). Examples of such combinations are also described below, e.g., in 
Examples 1. 

Figure 3 shows a table of invasive cleavage structure assay components (e.g. 
oligonucleotide INVADER assay components) for use in detecting the indicated 
mutations. The INVADER assay components may be used in monoplex or biplex 
INVADER assays. 

Figure 4 presents additional invasive cleavage structure assay components. 
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Figure 5 presents primers suitable for use in PCR reactions to amplify portions of 
the CFTR gene. 

Figure 6 provides an example of data generated using the procedure described in 
Example 1 in combination with the indicated oligonucleotide INVADER assay reagents, 
as described herein and as shown in Figure 2. 

Figure 7 provides an example of data generated using the procedure described in 
Example 7 in combination with the indicated oligonucleotide INVADER assay reagents, 
as described herein and as shown in Figure 2. 

Figure 8 presents exemplary data from invasive cleavage assay analysis of the 
IVS-8 5T/7T/9T polymorphism. 

Figure 9 presents exemplary data from invasive cleavage assay experiments 
carried out on DNA fragments amplified from the CFTR gene. 

DESCRIPTION OF THE INVENTION 

The present invention provides means for forming a nucleic acid cleavage 
structure that is dependent upon the presence of a target nucleic acid and cleaving the 
nucleic acid cleavage structure so as to release distinctive cleavage products. 5 f nuclease 
activity, for example, is used to cleave the target-dependent cleavage structure and the 
resulting cleavage products are indicative of the presence of specific target nucleic acid 
sequences in the sample. When two strands of nucleic acid, or oligonucleotides, both 
hybridize to a target nucleic acid strand such that they form an overlapping invasive 
cleavage structure, as described below, invasive cleavage can occur. Through the 
interaction of a cleavage agent (e.g., a 5' nuclease) and the upstream oligonucleotide, the 
cleavage agent can be made to cleave the downstream oligonucleotide at an internal site 
in such a way that a distinctive fragment is produced. Such embodiments have been 
termed the INVADER assay (Third Wave Technologies) and are described in U.S. Patent 
Appl. Nos. 5,846,717, 5,985,557, 5,994,069, 6,001,567, 6,090,543, 6,348,314, and 
6,458,535; WO 97/27214 WO 98/42873; and publications including Lyamichev et aL, 
Nat. Biotech., 17:292 (1999), Hall et aL, PNAS, USA, 97:8272 (2000), each of which is 
herein incorporated by reference in their entirety for all purposes). 
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The INVADER assay detects hybridization of probes to a target by enzymatic 
cleavage of specific structures by structure specific enzymes (See, INVADER assays, 
Third Wave Technologies; See e.g., U.S. Patent Nos. 5,846,717; 6,090,543; 6,001,567; 
5,985,557; 6,090,543; 5,994,069; 6,348,314; 6,458,535; Lyamichev et al., Nat. Biotech., 
5 17:292 (1999), Hall et al., PNAS, USA, 97:8272 (2000), W097/27214 and W098/42873, 
each of which is herein incorporated by reference in their entirety for all purposes). 

The INVADER assay detects specific DNA and RNA sequences by using 
structure-specific enzymes (e.g. FEN endonucleases) to cleave a complex formed by the 
hybridization of overlapping oligonucleotide probes (See, e.g. Figure 1). Elevated 

10 temperature and an excess of one of the probes enable multiple probes to be cleaved for 
each target sequence present without temperature cycling. In some embodiments, these 
cleaved probes then direct cleavage of a second labeled probe. The secondary probe 
oligonucleotide can be 5 '-end labeled with fluorescein that is quenched by an internal 
dye. Upon cleavage, the de-quenched fluorescein labeled product may be detected using 

15 a standard fluorescence plate reader. 

The INVADER assay detects specific mutations and SNPs in unamplified, as well 
as amplified, RNA and DNA, including genomic DNA. In the embodiments shown 
schematically in Figure 1, the INVADER assay uses two cascading steps (a primary and 
a secondary reaction) both to generate and then to amplify the target-specific signal. For 

20 convenience, the alleles in the following discussion are described as wild-type (WT) and 
mutant (MT), even though this terminology does not apply to all genetic variations. In 
the primary reaction (Figure 1, panel A), the WT primary probe and the INVADER 
oligonucleotide hybridize in tandem to the target nucleic acid to form an overlapping 
structure. An unpaired "flap" is included on the 5 f end of the WT primary probe. A 

25 structure-specific enzyme (e.g. the CLEAVASE enzyme, Third Wave Technologies) 
recognizes the overlap and cleaves off the unpaired flap, releasing it as a target-specific 
product. In the secondary reaction, this cleaved product serves as an INVADER 
oligonucleotide on the WT fluorescence resonance energy transfer (WT-FRET) probe to 
again create the structure recognized by the structure specific enzyme (panel A). When 

30 the two dyes on a single FRET probe are separated by cleavage (indicated by the arrow in 
Figure 1), a detectable fluorescent signal above background fluorescence is produced. 
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Consequently, cleavage of this second structure results in an increase in fluorescence, 
indicating the presence of the WT allele (or mutant allele if the assay is configured for the 
mutant allele to generate the detectable signal). In some embodiments, FRET probes 
having different labels (e.g. resolvable by difference in emission or excitation 
5 wavelengths, or resolvable by time-resolved fluorescence detection) are provided for 

each allele or locus to be detected, such that the different alleles or loci can be detected in 
a single reaction. In such embodiments, the primary probe sets and the different FRET 
probes may be combined in a single assay, allowing comparison of the signals from each 
allele or locus in the same sample. 

10 If the primary probe oligonucleotide and the target nucleotide sequence do not 

match perfectly at the cleavage site (e.g., as with the MT primary probe and the WT 
target, Figure 1, panel B), the overlapped structure does not form and cleavage is 
suppressed. The structure specific enzyme (e.g., CLEAVASE VIII enzyme, Third Wave 
Technologies) used cleaves the overlapped structure more efficiently (e.g. at least 340- 

15 fold) than the non-overlapping structure, allowing excellent discrimination of the alleles. 

The probes turn over without temperature cycling to produce many signals per 
target (i.e., linear signal amplification). Similarly, each target-specific product can enable 
the cleavage of many FRET probes. 

The primary INVADER assay reaction is directed against the target DNA (or 

20 RNA) being detected. The target DNA is the limiting component in the first invasive 
cleavage, since the INVADER and primary probe are supplied in molar excess. In the 
second invasive cleavage, it is the released flap that is limiting. When these two cleavage 
reactions are performed sequentially, the fluorescence signal from the composite reaction 
accumulates linearly with respect to the target DNA amount. 

25 In certain embodiments, the INVADER assay, or other nucleotide detection 

assays, are performed with accessible site designed oligonucleotides and/or bridging 
oligonucleotides. Such methods, procedures and compositions are described in U.S. Pat. 
6,194,149, WO9850403, and WO0198537, all of which are specifically incorporated by 
reference in their entireties. 

30 In certain embodiments, the target nucleic acid sequence is amplified prior to 

detection (e.g. such that synthetic nucleic acid is generated). In some embodiments, the 

28 



target nucleic acid comprises genomic DNA. In other embodiments, the target nucleic 
acid comprises synthetic DNA or RNA. In some preferred embodiments, synthetic DNA 
within a sample is created using a purified polymerase. In some preferred embodiments, 
creation of synthetic DNA using a purified polymerase comprises the use of PCR. In 
5 some preferred embodiments, PCR amplification is carried out with multiple primer sets 
to lead to the generation of several target amplification products in a single reaction 
vessel as described in Makowski et al., Ann. Clin. Lab. Sci. (2003) 33: 243-250. In some 
embodiments, such amplified products are further characterized using sequence analysis 
methods including, but not limited to, sequencing, mini-sequencing, allele specific PCR, 

10 and pyrosequencing (as described, e.g., U.S. Patent No. 6,258,568). In some preferred 
embodiments, such multiplex PCR amplification is limited in terms of the number of 
amplification cycles carried out. In some embodiments, the amplification products 
produced using limited amplification cycles are detected using nucleic acid detection 
methods that allow further target amplification, e.g. AS-PCR, TaqMan, TMA, NASBA, 

1 5 LCR. In other particularly preferred embodiments, the products of limited cycle 

amplification are detected using methods that amplify a target-specific signal, e.g. CPR 
(e.g., as described in U.S. Patent No. 5,403,71 1), bDNA (branched DNA), SAT (as 
described, e.g., in U.S. Patent No. 5,902,724), or the INVADER assay. Other detection 
methods suitable for use in detecting the products of limited cycle amplification include 

20 but are not limited to bead arrays (Illumina, San Diego, CA; See e.g., PCT Publications 
WO 99/67641 and WO 00/39587, each of which is herein incorporated by reference), 
charge or mass tags, (e.g., Aclara ETAG reporters, as described in 6,514,700, and 
6,627,400), the SNP-IT primer extension assay (Orchid Biosciences, Princeton, NJ; See 
e.g., U.S. Patent Nos. 5,952,174 and 5,919,626). Many additional labels, tags, and 

25 methods of detecting nucleic acids are well known to those skilled in the art, and such 
means of product analysis would be readily adaptable by one of skill to analysis of the 
amplification products of the present invention. 

In other preferred embodiments, creation of synthetic DNA using a purified DNA 
polymerase, suitable for use with the methods of the present invention, comprises use of 

30 rolling circle amplification, (e.g., as in U.S. Pat. Nos. 6,210,884, 6,183,960 and 
6,235,502, herein incorporated by reference in their entireties). In other preferred 
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embodiments, creation of synthetic DNA comprises copying genomic DNA by priming 
from a plurality of sites on a genomic DNA sample. In some embodiments, priming from 
a plurality of sites on a genomic DNA sample comprises using short {e.g., fewer than 
about 8 nucleotides) oligonucleotide primers. In other embodiments, priming from a 
5 plurality of sites on a genomic DNA comprises extension of 3 f ends in nicked, double- 
stranded genomic DNA (i.e., where a 3 f hydroxyl group has been made available for 
extension by breakage or cleavage of one strand of a double stranded region of DNA). 
Some examples of making synthetic DNA using a purified polymerase on nicked 
genomic DNAs, suitable for use with the methods and compositions of the present 

10 invention, are provided in U.S. Patent Nos. 6,1 17,634, issued September 12, 2000, and 
6,197,557, issued March 6, 2001, and in PCT application WO 98/39485, each 
incorporated by reference herein in their entireties for all purposes. 

In some embodiments, the present invention provides methods for detecting a 
target sequence, comprising: providing a) a sample containing DNA amplified by 

1 5 extension of 3' ends in nicked double-stranded genomic DNA, said genomic DNA 

suspected of containing said target sequence; b) oligonucleotides capable of forming an 
invasive cleavage structure in the presence of said target sequence; and c) exposing the 
sample to the oligonucleotides and the agent. In some embodiments, the agent comprises 
a cleavage agent. In some particularly preferred embodiments, the method of the 

20 invention further comprises the step of detecting said cleavage product. 

In some preferred embodiments, the exposing of the sample to the 
oligonucleotides and the agent comprises exposing the sample to the oligonucleotides and 
the agent under conditions wherein an invasive cleavage structure is formed between said 
target sequence and said oligonucleotides if said target sequence is present in said 

25 sample, wherein said invasive cleavage structure is cleaved by said cleavage agent to 
form a cleavage product. 

In some particularly preferred embodiments, the target sequence comprises a first 
region and a second region, said second region downstream of and contiguous to said 
first region, and said oligonucleotides comprise first and second oligonucleotides, 

30 wherein at least a portion of said first oligonucleotide is completely complementary to 
said first portion of said target sequence and wherein said second oligonucleotide 
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comprises a 3 1 portion and a 5 f portion, wherein said 5' portion is completely 
complementary to said second portion of said target nucleic acid. 

In other embodiments, synthetic DNA suitable for use with the methods and 
compositions of the present invention is made using a purified polymerase on multiply- 
5 primed genomic DNA, as provided, e.g., in U.S. Patent Nos. 6,291,187, and 6,323,009, 
and in PCT applications WO 01/88190 and WO 02/00934, each herein incorporated by 
reference in their entireties for all purposes. In these embodiments, amplification of 
DNA such as genomic DNA is accomplished using a DNA polymerase, such as the 
highly processive O 29 polymerase (as described, e.g., in US Patent Nos. 5,198,543 and 

1 0 5,001 ,050, each herein incorporated by reference in their entireties for all purposes) in 
combination with exonuclease-resistant random primers, such as hexamers. 

In some embodiments, the present invention provides methods for detecting a 
target sequence, comprising: providing a) a sample containing DNA amplified by 
extension of multiple primers on genomic DNA, said genomic DNA suspected of 

15 containing said target sequence; b) oligonucleotides capable of forming an invasive 

cleavage structure in the presence of said target sequence; and c) exposing the sample to 
the oligonucleotides and the agent. In some embodiments, the agent comprises a 
cleavage agent. In some preferred embodiments, said primers are random primers. In 
particularly preferred embodiments, said primers are exonuclease resistant. In some 

20 particularly preferred embodiments, the method of the invention further comprises the 
step of detecting said cleavage product. 

In some preferred embodiments, the exposing of the sample to the 
oligonucleotides and the agent comprises exposing the sample to the oligonucleotides and 
the agent under conditions wherein an invasive cleavage structure is formed between said 

25 target sequence and said oligonucleotides if said target sequence is present in said 
sample, wherein said invasive cleavage structure is cleaved by said cleavage agent to 
form a cleavage product. 

In some preferred embodiments, the exposing of the sample to the 
oligonucleotides and the agent comprises exposing the sample to the oligonucleotides and 

30 the agent under conditions wherein an invasive cleavage structure is formed between said 
target sequence and said oligonucleotides if said target sequence is present in said 
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sample, wherein said invasive cleavage structure is cleaved by said cleavage agent to 
form a cleavage product. 

In some particularly preferred embodiments, the target sequence comprises a first 
region and a second region, said second region downstream of and contiguous to said 
5 first region, and said oligonucleotides comprise first and second oligonucleotides, said 
wherein at least a portion of said first oligonucleotide is completely complementary to 
said first portion of said target sequence and wherein said second oligonucleotide 
comprises a 3 ! portion and a 5' portion, wherein said 5 1 portion is completely 
complementary to said second portion of said target nucleic acid. 

10 In certain embodiments, the present invention provides kits for assaying a pooled 

sample (e.g., a pooled blood sample) using INVADER detection reagents (e.g. primary 
probe, INVADER probe, and FRET cassette). In preferred embodiments, the kit further 
comprises instructions on how to perform the INVADER assay and specifically how to 
apply the INVADER detection assay to pooled samples from many individuals, or to 

15 "pooled" samples from many cells (e.g. from a biopsy sample) from a single subject. 

In some embodiments, the pooled sample is amplified prior to detection using 
INVADER detection reagents. In some preferred embodiments, the amplification is by 
limited-cycle, multiplex PCR. 

In other embodiments, the present invention provides reagents for assaying the 

20 genotype of a sample at a locus associated with a mutation in the CFTR gene. In some 
preferred embodiments, both alleles of a locus are analyzed simultaneously in a biplexed 
assay. In some particularly preferred embodiments, multiple CFTR alleles are analyzed 
in parallel biplex reactions. In other embodiments, the sample is amplified prior to 
analysis using INVADER detection reagents. In some preferred embodiments, the 

25 amplification is by limited-cycle, multiplex PCR. 

The present invention further provides assays in which the target nucleic acid is 
reused or recycled during multiple rounds of hybridization with oligonucleotide probes 
and cleavage of the probes without the need to use temperature cycling (i.e., for periodic 
denaturation of target nucleic acid strands) or nucleic acid synthesis (i.e., for the 

30 polymerization-based displacement of target or probe nucleic acid strands). When a 
cleavage reaction is run under conditions in which the probes are continuously replaced 
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on the target strand (e.g. through probe-probe displacement or through an equilibrium 
between probe/target association and disassociation, or through a combination 
comprising these mechanisms, [The kinetics of oligonucleotide replacement. Luis P. 
Reynaldo, Alexander V. Vologodskii, Bruce P. Neri and Victor I. Lyamichev. J. Mol. 
5 Biol. 97: 51 1-520 (2000)], multiple probes can hybridize to the same target, allowing 
multiple cleavages, and the generation of multiple cleavage products. 

The INVADER Assay Reaction: 

In the INVADER DNA Assay, two oligonucleotides (a discriminatory Primary 
10 Probe and an INVADER Oligo) hybridize in tandem to the target DNA to form an 
overlapping structure. The 5'-end of the Primary Probe includes a 5'-flap that does not 
hybridize to the target DNA (Figure 1). The 3'-nucleotide of the bound INVADER Oligo 
overlaps the Primary Probe, but need not hybridize to the target DNA. The CLEAVASE 
enzyme recognizes this overlapping structure and cleaves off the unpaired 5'-flap of the 
15 Primary Probe, releasing it as a target-specific product. The Primary Probe is designed to 
have a melting temperature close to the reaction temperature. Thus, under the isothermal 
assay conditions, Primary Probes, which are provided in excess, cycle on the target DNA. 
This allows for multiple rounds of Primary Probe cleavage for each target DNA, and 
amplification of the number of released 5'-flaps. 

20 In the secondary reaction, each released 5 f -flap can serve as an INVADER 

oligonucleotide on a fluorescence resonance energy transfer (FRET) Cassette to create 
another overlapping structure that is recognized and cleaved by the CLEAVASE enzyme 
(Figure 1). When the FRET Cassette is cleaved, the fluorophore (F) and quencher (Q) 
are separated, generating detectable fluorescence signal. Similar to the initial reaction, 

25 the released 5'-flap and the FRET Cassette cycle, resulting in amplified fluorescence 
signal. The initial and secondary reactions run concurrently in the same well. 

The biplex format of the INVADER DNA assay enables simultaneous detection 
of two DNA sequences in a single well. Most often, this involves detection of two 
variants of a particular polymorphism. The biplex format uses two different 
30 discriminatory Primary Probes, each with a unique 5'-flap, and two different FRET 
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Cassettes, each with a spectrally distinct fluorophore. By design, the released 5'-flaps 
will bind only to their respective FRET Cassettes to generate a target-specific signal. 

In some embodiments, the present invention provides kits comprising one or more 
of the components necessary for practicing the present invention. For example, the 
present invention provides kits for storing or delivering the enzymes of the present 
invention and/or the reaction components necessary to practice a cleavage assay (e.g., the 
INVADER assay). By way of example, and not intending to limit the kits of the present 
invention to any particular configuration or combination of components, the following 
section describes one embodiment of a kit for practicing the present invention: 

In some embodiments, the kits of the present invention provide the following 
reagents: 

CLEAVASE enzyme (e.g., Primary Oligos 

CLEAVASE X) 

DNA Reaction Buffer 1 INVADER Oligo 

FRET Cassette 1 (e.g.,F) 
FRET Cassette 2 (e.g., R) 
Mutant DNA controls 
Wild type DNA controls 
"No Target" Blank control 



In some embodiments, the kits of the present invention provide the following 
reagents: 

CLEAVASE enzyme mix (e.g., Mutation Mixes containing 
CLEAVASE X) in 140 mM the following constituents in 

MgCl 2 > 24% glycerol 25 mM MOPS, pH 7.5: 

Primary Oligos 
INVADER Oligos 
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FRET Cassette 1 (^.,F) 
FRET Cassette 2 (eg., a 
second F cassette) 
FRET Cassette 3 (e.g. R) 
Mutant DNA controls 
Internal DNA controls 
"No Target" Blank control 

Examples of Primary Oligonucleotides, Secondary Oligonucleotides, and FRET 
Cassettes suitable for use with the methods of the present invention are provided in 
Figures 2 and 3. While the oligonucleotides shown therein may find use in a number of 
5 the methods, and variations of the methods, of the present invention, these INVADER 
assay oligonucleotide sets find particular use with kits of the present invention. The 
oligonucleotide sets shown in Figures 2 and 3 may be used as individual sets to detect 
individual target DNAs, or may be combined in biplex or multiplex reactions for the 
detection of two or more analytes or controls in a single reaction. 

10 In preferred embodiments, the oligonucleotides shown in Figures 2 and 3 (or 

similar oligonucleotides) are used in invasive cleavage structure assays (e.g. INVADER 
assays) to detect alleles in the CFTR gene. In preferred embodiments, pools or sets of the 
assay configurations shown in Figures 2 and 3 are used to simultaneously detect a 
plurality of CFTR alleles (e.g. 1-8 CFTR alleles are detected simultaneously in a single 

15 reaction container). In this regard, for example, the approximately 25 different alleles 
shown in Figure 2 could be split into 4-5 pools (as shown) which would only require 4-5 
different reaction vessels to detect all of the CFTR alleles shown. In other embodiments, 
the 25 different alleles shown in figure 2 are split into 5 pools, plus separate SNP 
detection for AF508 which would only require 6 different reaction vessels to detect all of 

20 the CFTR alleles shown. In still other embodiments, assays to determine the genotype of 
at least one CFTR allele can be carried out in a single vessel, and many such assays can 
be carried out in parallel, e.g. in a multi-well microtiter plate. 

Certain design considerations can be used to design pools or sets of CFTR alleles 
to detect by invasive cleavage structure assays. One consideration that may be used is to 
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avoid physical overlap of oligonucleotides designed to detect closely spaced mutations 
(this is satisfied by the exemplary pools shown in Figure 2). Another consideration has to 
do with the signal generation capabilities of the individual invasive cleavage structure 
assays. For example, often the signal generated from a particular INVADER 
5 oligonucleotide and probe pair is higher or lower than that generated from another pair 
assayed under the same reaction conditions. While in some cases it is feasible and/or 
desirable to alter oligonucleotide design to modulate such differences in signal generation 
capabilities, in other cases it may not possible or worthwhile to do so. As such, CFTR 
mutations can be pooled based on variability in signal generation that dictates that certain 

10 pairs be grouped together such that relatively weak signal generating pairs are not 
overwhelmed by relatively strong signal generating pairs. 

An additional consideration has to do with undesired effects resulting from 
particular combinations of oligonucleotides in a single reaction. One such effect is 
target-independent generation of background signal. Certain oligonucleotides in 

1 5 combination with others may generate signal in the INVADER assay in the absence of 
the particular target being detected. Separation of these oligonucleotide combinations 
into different pools can be used to alleviate this effect. Similarly, certain oligonucleotide 
combinations can artificially repress signal generation from a desired target. Again, 
separation of these combinations into different pools can alleviate this effect. It is 

20 contemplated that the designs of these probe sets (e.g., the oligonucleotides and/or their 
sequences) may be adapted for use in RNA detection assays, using the guidelines for 
reaction design and optimization provided herein. 

It is further contemplated that the designs of these probe sets may be used with 
amplified targets, e.g. PCR amplicons. In some embodiments, PCR amplicons may be 

25 generated through multiplexed, limited cycle amplification as described in US Patent 

Application No: 10/321,039, herein incorporated in its entirety for all purposes. In some 
preferred embodiments, primers for such multiplex PCR amplification are designed as 
described in US Patent Application No: 10/321,039. In some particularly preferred 
embodiments, such primers are designed to avoid complementarity between the terminal 

30 3 nucleotides, (i.e. of their 3' ends) and to have Tms that are approximately equivalent to 
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one another and be between 20-30 bases long. Such primers may further be designed to 
generate amplicons of minimal length, i.e. less than approximately 400 base pairs. 

In some embodiments, a kit of the present invention provides a list of additional 
components (e.g., reagents, supplies, and/or equipment) to be supplied by a user in order 
to perform the methods of the invention. For example, and without intending to limit 
such additional component lists to any particular components, one embodiment of such a 
list comprises the following: 

■ Clear CHILLOUT-14 liquid wax (MJ Research) or RNase-free, optical grade mineral 
oil (Sigma, Cat. No. M-5904) 

■ 96-well polypropylene microplate (MJ Research, Cat. No. MSP-9601) 

■ Sterile 1 .5-ml or 2.0-ml microcentrifuge tubes 

■ Sterile, DNase/RNase free disposable aerosol barrier pipet tips 

■ Multichannel pipets (0.5-1 0|il, 2.5-20|il) 

■ Thermal cycler or other heat source (e.g., lab oven or heating block). 

■ Miscellaneous laboratory equipment (tube racks, micropipetors, multichannel pipet, 
microcentrifuge, vortex mixer). 

■ Fluorescence microplate reader (a preferred plate reader is top-reading, equipped with 
light filters have the following characteristics: 



Excitation 
(Wavelength/Bandwidth) 

485 nm/20 nm 

560 nm/20 nm 



Emission 
(Wavelength/Bandwidth) 

530 nm/25 nm 

620 nm/40 nm 



In some embodiments, a kit of the present invention provides a list of optional 
components (e.g., reagents, supplies, and/or equipment) to be supplied by a user to 
facilitate performance of the methods of the invention. For example, and without 
intending to limit such optional components lists to any particular components, one 
embodiment of such a list comprises the following: 
■ Sterile 8-tube strip or microplate (optional) 
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■ Disposable plastic trough (optional) 

■ Plate sealing tape (optional) 

In some embodiments, a kit of the present invention provides a list of required 
components to be supplied by a user to facilitate performance of the methods of the 
invention for which multiple alternatives are acceptable (e.g. sample preparation kits). 
For example, and without intending to limit such optional components lists to any 
particular components, one embodiment of such a list comprises the following: 

• QIAGEN QIAamp® Blood Kit 

• Gentra Systems PUREGENE™ Kit 

• Gentra Systems GENERATION^ Products 

In some embodiments of a kit, detailed protocols are provided. In preferred 
embodiments, protocols for the assembly of INVADER assay reactions (eg., 
formulations and preferred procedures for making reaction mixtures) are provided. In 
particularly preferred embodiments, protocols for assembly of reaction mixtures include 
computational or graphical aids to reduce risk of error in the performance of the methods 
of the present invention (e.g., tables to facilitate calculation of volumes of reagents 
needed for multiple reactions, and plate-layout guides to assist in configuring multi-well 
assay plates to contain numerous assay reactions). By way of example, and without 
intending to limit such protocols to any particular content or format, kits of the present 
invention may comprise the following protocol: 

I. DETAILED DNA BIPLEX INVADER ASSAY PROTOCOL 

1. Determine the number of samples and controls to be tested. 

2. Plan the microplate layout for each experimental run (e.g., samples, controls). 
Inclusion of a No Target Control (tRNA Carrier in buffered, nuclease- free water) 
is required for a valid result. 

3. Prepare the INVADER DNA Assay Reaction Mix for the biplex assay format. To 
calculate the volumes of reaction components needed for the assay (X Volume), 
multiply the total number of reactions (samples and controls) by 1 .25 [X Volume 
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(ul) = # reactions x 1.25]. Vortex the INVADER DNA Assay Reaction Mix 
briefly after the last reagent addition to mix thoroughly. 



INVADER DNA Assay Reaction Mix 
Biplex Assay Format 



Reaction Components 


IX Volume 


X Volume 


DNA Reaction Buffer 1 


5.0ul 




FRET F Cassette 


1.0 ul 




FRET R Cassette 


1.0 ul 




Primary Probes 


1.0 ul 




INVADER Oligo 


1.0 ul 




CLEAVASE enzyme 


1.0 ul 




Total Mix Volume (IX) 


lO.Oul 





4. Add lOjal of each control or DNA sample (>150 ng DNA) to the appropriate well 
and mix by pipetting up and down 1-2 times. Overlay each reaction with 20jal of 
clear CHILLOUT or mineral oil. Seal microplate with Thermaseal well tape 
(optional). 

5. Incubate reactions for 5 minutes at 95 °C in a thermal cycler or oven. 

6. Lower the temperature to 63 °C in the thermal cycler or transfer the plate to a 63 
°C heat block, then add 10 ^1 of the INVADER® DNA Assay Reaction Mix to 
each well and mix well by pipetting up and down 3 to 5 times. An 8-tube strip or 
microplate may be used to facilitate addition of the INVADER® DNA Assay 
Reaction Mix using a multichannel pipet. When adding the INVADER® DNA 
Assay Reaction Mix, be sure to add the mix below the level of the mineral oil or 
Chill-out™ 14 liquid wax. 

7. Cover the microplate with plate sealing tape (optional) and incubate at 63 °C for 4 
hours. 

8. After the 4-hour incubation, place the microplate in the plate holder of the 
fluorescence plate reader. Remove plate sealing tape, if used. 
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9. Read the plate at the two different wavelength settings (The dye corresponding to 
the WT and Mut signal is not necessarily the same for all biplex assays). 

10. The gain should be set so that Control 4 reads between 100 and 200 for each 
scan. The Control 4 values do not have to be identical for the F and R dye scans. 

NOTE: Remove the microplate seal before reading the microplate. 

■ This procedure enables collection of multiple data sets to extend the assay's 
dynamic range. During the secondary INVADER reaction, read the microplate 
directly in a top-reading fluorescence microplate reader. 

NOTE: Because the optimal gain setting can vary between instruments, adjust 
the gain as needed to give the best signal/background ratio (sample raw signal 
divided by the No Target Control signal) or No Target Control sample readings of 
-100 RFUs. Fluorescence microplate readers that use a xenon lamp source 
generally produce higher RFUs. For directly reading the microplates, the probe 
height of, and how the plate is positioned in, the fluorescence microplate reader 
may need to be adjusted according to the manufacturer's recommendations. 

In another embodiment, such kits and methods may comprise the following 
protocol. 

POOL ASSAY PROTOCOL 

1 . Make up the INVADER DNA reaction mixes according to the following recipe. 



Number of Samples 


4 










AF508 


Pool 






Number of Reactions 


8 


7 






Add 25% 


2 


1.75 






Number of Reactions for Mix 
Calculations 


10 


8.75 






CFTF 


I (AF508) Reaction Mixes 



40 



oomponeni 


1 r\* -U 

LOt ff 


Amount Per 
Reaction fun 


volume to 
Add fuh 

rWA VJ ^ III j 


Component Added 

fCheck off after 
adding) 


INVADER Assay Reaction Mix 










CFTR (AF508) INVADER Oligo (1) 




2 


20 




CFTR (AF508) Primary Probes (P) 




2 


20 




CFTR (AF508) FRETs (F) 




4 


40 




Enzyme Mix (EM)) 




2 


20 




Total Volume 




10 


100 




CFTR (Mutation Pool 1) 


Reaction IV 


ixes 


Component 


Lot# 


Am/Mini D/ir 

Amouni rer 
Reaction fuh 


Volume to 
Add (pi) 


Component Added 

(Check off after 
adding) 


INVADER Assay Reaction Mix 










CFTR Mix1 (M1) 




8 


70 




Enzyme Mix (EM)) 




2 


18 




Total Volume 




10 


88 




CFTR (Mutation Pool 2) 


Reaction IV 


ixes 


Component 


Lot# 


Amount Per 
Reaction fuh 


Volume to 
Add (pi) 


Component Added 

(Check off after 
adding) 


INVADER Assay Reaction Mix 










CFTR Mix 2 (M2) 




8 


70 




Enzyme Mix (EM) 




2 


18 




Total Volume 




10 


88 




CFTR (Mutation Pool 3) Reaction M 


ixes 


Component 


Lot# 


Amount Per 
Reaction (pi) 


Volume to 
Add (pi) 


Component 
Added (Check off 
after adding) 


INVADER Assay Reaction Mix 










CFTR Mix 3 (M3) 




8 


70 




Enzyme Mix (EM)) 




2 


18 




Total Volume 




10 


88 




CFTR (Mutation Pool 4) Reaction M 


ixes 


Component 


Lot# 


Amount Per 
Reaction (pi) 


Volume to 
Add (pi) 


Component 
Added (Check off 
after adding) 


INVADER Assay Reaction Mix 










CFTR Mix 4 (M4) 




8 


70 




Enzyme Mix (EM) 




2 


18 
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2. Following the sample layout, aliquot 10 jal of controls and samples (>150 ng DNA) 
into a 96-well low profile microplate. 

3. To prevent evaporation, overlay each well with 20 jxl of clear Chill-out™ or mineral 
5 oil using a multichannel pipet. 

4. Aliquot the 5 reaction mixes into 5 wells of an 8-well strip in the following order: 

well 1: AF508 mix 
well 2: Pool 1 mix 
well 3: Pool 2 mix 
10 well 4: Pool 3 mix 

well 5: Pool 4 mix 

5. Incubate samples at 95°C for 5 minutes in a thermal cycler. 

6. Lower the temperature of the thermal cycler to 63°C, then add 10 (xl of the 
15 appropriate INVADER® DNA Assay Reaction Mix to each well and mix by pipetting 

up and down 3-5 times. For this addition, use 5 consecutive tips of an 8 channel 
pipette, and aliquot reaction mix into each well moving down the plate, starting with 
row A, column 1. Remember to change pipet tips after each Reaction Mix 
addition. If running more than 4 patients, start again at row A, column 6. See 
20 Appendix D for full plate layout. Add the mix below the level of the Chill-out™ or 
mineral oil. 

7. Incubate the reactions at 63 °C for 5 hours. 

8. After the 5 hour incubation place the low profile microplate in a plate holder in the 
fluorescence plate reader and read using the following parameters: 

25 



CytoFluor* 



GENios™ 
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FAM 


Red 


FAM 


Red 


Excitation: 


485nm/20nm 


560nm/20nm 


485nm/20nm 


560nm/20nm 


Emission: 


530nm/25nm 


620nm/40nm 


535nm/25nm 


612nm/10nm 



Adjust the gain setting for each scan to give No Target Blank values between 100 
and 200 AFU's. 

9. Analyze results according to guidelines for using the ratios of the two fluorescent 
5 signals. 

In a preferred embodiment, the pool assay format comprises an additional pool 
such that there are five mutation pool reaction mixes. In this case, the fifth pool is treated 
as described for pools 1-4 throughout the entire procedure described above, such that 
detection of all mutations can be accomplished in a total of 6 reaction wells. 

10 Calculation of Ratios and Guidelines for Interpretation 

In some embodiments of a kit, guidelines for using the ratios of the two 
fluorescent signals to determine a genotype are provided. For example, for each allele of 
a given polymorphism, the net signaL^ackground, or Net Fold Over Zero (FOZ - 1), 
values may be calculated as follows for the signal obtained with each dye: 

15 

FOZ = Raw counts from sample 

Raw counts from No Target Blank 

The two FOZ values (i.e. wild type and mutant) for each sample were used to calculate 
20 the WT : Mut Ratio as follows: 



Ratio = (Net WT FOZ^ 
(Net Mut FOZ) 

25 
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where Net FOZ = FOZ - 1 

In some embodiments, supplementary documentation, such as protocols for 
ancillary procedures, e.g., for the preparation of additional reagents, or for preparation of 
5 samples for use in the methods of the present invention, are provided. In preferred 

embodiments, supplementary documentation includes guidelines and lists of precautions 
provided to facilitate successful use of the methods and kits by unskilled or inexperienced 
users. In particularly preferred embodiments, supplementary documentation includes a 
troubleshooting guide, e.g., a guide describing possible problems that may be 
10 encountered by users, and providing suggested solutions or corrections to intended to aid 
the user in resolving or avoiding such problems. 

For example, and without intending to limit such supplementary documentation to 
any particular content, kits of the present invention may comprise any of the following 
procedures and guidelines: 

15 

II. SAMPLE PREPARATION 

In preferred embodiments, samples are diluted to concentrations that correspond 
to a 10-|ul addition per reaction. The concentration of a 100-ng sample should be 
15ng/jxl. 

20 The assay is optimized for performance with genomic DNA samples prepared 

from whole blood or buffy coat. Several DNA extraction methods/kits have been 
validated for performance in the Biplex INVADER assay: 

QIAGEN QIAamp® Blood Kit 
25 • Gentra Systems PUREGENE™ Kit 

• Gentra Systems GENERATION® Products 

Quantitation is not necessary if using one of these recommended sample 
preparation methods (i.e., QIAGEN or Gentra). In other embodiments, the DNA sample 
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should be quantitated. In a preferred embodiment, such quantitation is accomplished 
using the PicoGreen® or OliGreen® assay. Quantitating by A260/A280 can lead to an 
overestimation of the amount of DNA in the sample due to RNA contamination. A low 
A260/A280 reading (< 1.5) indicates there is an overabundance of protein in the sample. In 
5 particularly preferred embodiments, only samples with a concentration > 10 ng/(il are 
used in the INVADER DNA Assay. 



Problem 


Possible Solution 


No Signal or 


Assay: 


Low Signal 


• 


Mixing inconsistencies. Make sure all reagents are properly mixed 






prior to assembly of INVADER® DNA Assay Reaction Mix. The 






controls and INVADER® DNA Assay Reaction Mixes must be 






mixed thoroughly and consistently before the plate is set up. 






During addition of INVADER® DNA Assay Reaction Mix to 






sample plate, mix by pipetting up and down several times, ensuring 






that all liquid is expelled before removing the tip. 




• 


Verify that reagents were added in the correct sequence, to the 






correct mix, and that the correct mix is added to the appropriate 






controls/sample wells (refer to sample plate layout). 




• 


Verify that all reagents were stored at the proper temperature as 






indicated in this package insert. 




• 


Make sure that 10 ^il of the appropriate control was added to each 






well. 




• 


Make sure that the 10 nl of the appropriate INVADER® DNA 






Assay Reaction Mix was added below the level of the mineral oil or 






Chill-out™ 14 liquid wax. Not adding the correct amount will 






result in loss of signal. 




• 


Verify that the correct INVADER® DNA Assay Reaction Mix is 






added to the appropriate control. 




• 


Make sure assay is run for at five hours at 63°C. 
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• 


Use mineral oil or clear Chill-out™ 14 liquid wax to prevent 






evaporation during the reaction. 




Instrument: 




• 


Verify that the fluorescence plate reader is set to the correct 






excitation and emission wavelengths for each scan. If possible, run 






a diagnostic test on the fluorescence plate reader to ensure that the 






instrument and light source are working properly. Verify that two 






scans were performed at two different wavelengths. 




• 


Make sure the proper "96-well plate type" has been selected in the 






fluorescence plate reader. 




• 


Verify that the coordinates of the plate are programmed correctly in 






the fluorescence plate reader. Signal should be read in the middle of 






the well and at an optimal distance from the plate for best results. 




• 


Incubations should be conducted in properly calibrated heating 






units. Checking these units on a regular basis using a thermocouple 






thermometer equipped with a probe traceable to NIST standards is 






recommended. 




• 


Make sure that the plate is firmly seated in the thermal cycler or 






heat block. 


High Signal 


Assay: 


in Control 4 


• 


Use DNase/RNase free aerosol barrier tips and sterile tubes for 


(No Target 




making the INVADER® DNA Assay Reaction Mix. 


Blank) 


• 


Make sure that pipet tips are changed after each use. 




• 


Wear gloves when setting up the assay. 




• 


Make sure that pipet tips do not touch any other surfaces except the 






solution being pipetted, since nucleases may be present. 




• 


Do not touch pipet tips with hands. 




Instrument: 




• 


Adjust the gain setting of the fluorescence plate reader such that 






Control 4 (No Target Blank) reads approximately 200 for each 
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scan. 


Fluorescent 


Assay: 


Signal 


• Use DNase/RNase free aerosol barrier tips and sterile tubes for 


Is Off-scale 


making the INVADER DNA Assay Reaction Mix. 




• Confirm that the incubations were done for the correct amount of 




time and at the correct temperature. 




Instrument: 




• Adjust the gain of the fluorescence plate reader. The gain of the 




two scans should be set so that Control 4 (No Target Blank) reads 




at least 100 for each scan; however, an approximate level of 200 is 




recommended. 




• Allow the lamp in the fluorescence plate reader to warm up for at 




least 10 minutes before reading the results. 



EXAMPLES 

5 The following examples serve to illustrate certain preferred embodiments and 

aspects of the present invention and are not to be construed as limiting the scope thereof. 
Ex. (Example); Fig. (Figure);°C (degrees Centigrade); g (gravitational field); hr (hour); 
min (minute); olio (oligonucleotide); rxn (reaction); vol (volume); w/v (weight to 
volume); v/v (volume to volume); BSA (bovine serum albumin); CTAB 

10 (cetyltrimethylammonium bromide); HPLC (high pressure liquid chromatography); DNA 
(deoxyribonucleic acid); p (plasmid); jil (microliters); ml (milliliters); jxg (micrograms); 
mg (milligrams); M (molar); mM (milliMolar); jiM (microMolar); pmoles (picomoles); 
amoles (attomoles); zmoles (zeptomoles); run (nanometers); kdal (kilodaltons); OD 
(optical density); EDTA (ethylene diamine tetra-acetic acid); FITC (fluorescein 

15 isothiocyanate); SDS (sodium dodecyl sulfate); NaP0 4 (sodium phosphate); NP-40 
(Nonidet P-40); Tris (tris(hydroxymethyl)-aminomethane); PMSF 
(phenylmethylsulfonylfluoride); TBE (Tris-Borate-EDTA, i.e., Tris buffer titrated with 
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boric acid rather than HC1 and containing EDTA); PBS (phosphate buffered saline); 
PPBS (phosphate buffered saline containing 1 mM PMSF); PAGE (polyacrylamide gel 
electrophoresis); Tween (polyoxyethylene-sorbitan); Red (REDMOND RED Dye, Epoch 
Biosciences, Bothell WA) Z28 (ECLIPSE Quencher, Epoch Biosciences, Bothell, WA); 
5 ATCC (American Type Culture Collection, Rockville, MD); Coriell (Coriell Cell 
Repositories, Camden, NJ); DSMZ (Deutsche Sammlung von Mikroorganismen und 
Zellculturen, Braunschweig, Germany); Ambion (Ambion, Inc., Austin, TX); Boehringer 
(Boehringer Mannheim Biochemical, Indianapolis, IN); MJ Research (MJ Research, 
Watertown, MA; Sigma (Sigma Chemical Company, St. Louis, MO); Dynal (Dynal A.S., 

10 Oslo, Norway); Gull (Gull Laboratories, Salt Lake City, UT); Epicentre (Epicentre 
Technologies, Madison, WI); Lampire (Biological Labs., Inc., Coopersberg, PA); MJ 
Research (MJ Research, Watertown,MA); National Biosciences (National Biosciences, 
Plymouth, MN); NEB (New England Biolabs, Beverly, MA); Novagen (Novagen, Inc., 
Madison, WI); Perkin Elmer (Perkin-Elmer/ABI, Norwalk, CT); Promega (Promega, 

15 Corp., Madison, WI); Stratagene (Stratagene Cloning Systems, La Jolla, CA); Clonetech 
(Clonetech, Palo Alto, CA) Pharmacia (Pharmacia, Piscataway, NJ); Milton Roy (Milton 
Roy, Rochester, NY); Amersham (Amersham International, Chicago, IL); and USB (U.S. 
Biochemical, Cleveland, OH). Glen Research (Glen Research, Sterling, VA); Coriell 
(Coriell Cell Repositories, Camden, NJ); Gentra (Gentra, Minneapolis, MN); Third Wave 

20 Technologies (Third Wave Technologies, Madison, WI); PerSeptive Biosystems 
(PerSeptive Biosystems, Framington, MA); Microsoft (Microsoft, Redmond, WA); 
Qiagen (Qiagen, Valencia, CA); Molecular Probes (Molecular Probes, Eugene, OR); 
VWR (VWR Scientific, ); Advanced Biotechnologies (Advanced Biotechnologies, INC., 
Columbia, MD). 

25 Example 1 

Reagents and Methods for Detection of Cystic Fibrosis Transmembrane 
Conductance Regulator (CFTR) Mutations 

Reagents: 

30 CFTR (2184delA) Control (1 vial marked "2184delA ", 250 jxl) 

CFTR (1898+1G>A) Control (1 vial marked M 1898+1G>A ", 250 ^1) 
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CFTR (I148T) Control (1 vial marked " I148T 250 
CFTR (1078delT) Control (1 vial marked "1078delT ", 250 [il) 
CFTR (W1282X) Control (1 vial marked " W1282X ", 250 
CFTR (621+1G>T) Control (1 vial marked "621+1G>T", 250 
5 Control 4 (No Target Blank) (1 vial marked "C4", 1250 jil) 

Cleavase® X/CF Enzyme or Cleavase Enzyme Mix (20 ng/^1, 1 vial, 1250 ^1) 

Reagent Composition: 

1 0 CFTR (2 1 84del A) Control is a plasmid construct containing the 2 1 84delA 

sequence suspended in yeast tRNA and buffered nuclease-free water. CFTR 
(1898+1G>A) Control, CFTR (I148T) Control, CFTR (1078delT) Control, CFTR 
(W1282X) and CFTR (621+1G>T) Control are synthetic oligonucleotides 
suspended in yeast tRNA and buffered nuclease-free water. Control 4 (No Target 

1 5 Blank) contains yeast tRNA in buffered nuclease-free water. 

CONTROL USAGE: 

1. Determine the number (singlicate, duplicate, triplicate, quadruplicate) of controls to 
be tested. Use 10 (il of control material in each reaction. 

2. Treat control materials the same as test samples throughout the INVADER® DNA 
20 Assay. 

3. Control materials and test samples should be analyzed on a fluorescence plate reader. 

Oligonucleotides designed to detect a sequence in the 3' UTR (untranslated region) of the 
CFTR gene are designated as the internal control. These oligonucleotides were designed 
to perform in the INVADER assay such that the signal from this portion of the CFTR 
25 gene, while present in duplicate in each assay, is approximately equivalent to the amount 
of signal that would be expected from only a single copy of a given sequence, such that 
its presence does not interfere with the detection of a mutant allele in any of the pooled 
sets of reactions. 
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EXPECTED RESULTS: 

CFTR (2184delA) Control and CFTR (1898+1G>A) Control material should react with 
only the CFTR Mix 1 (F dye signal); CFTR (I148T) Control and CFTR (1078delT) 
material should react with only the CFTR Mix 2 (F dye signal); CFTR (W1282X) 
Control material should react with only the CFTR Mix 3 (F dye signal); CFTR 
(621+1G>T) Control should react with only the CFTR Mix 4 (F dye signal); and Control 
4 (No Target Blank) material should show only R dye signal but not F dye signal with 
any of the CFTR Mixes 1-4 (F dye and R dye signals). Actual signal values depend on 
reaction volumes, test methods, and the fluorescence plate reader used. 

1. Preparation of INVADER DNA Reaction Mixes 1-4 (mixes were scaled by number 
of reactions times 1.25): 



Component 
(mixed prior 
to addition) 


Volume (per 
rxn) to 

Reaction Mix 
1 


Volume (per 
rxn) to 

Reaction Mix 
2 


Volume (per 
rxn) to 

Reaction Mix 
3 


Volume (per 
rxn) to 

Reaction Mix 
4 


CFTR Mix 1 


8nl 


0 


0 


0 


CFTR Mix 2 


0 


8 id 


0 


0 


CFTR Mix 3 


0 


0 


8 id 


0 


CFTR Mix 4 


0 


0 


0 


8 ul 


Cleavase 
enzyme mix 


2nl 


2 ul 


2 ul 


2ul 


Total 


10 ul 


10 ul 


10 ul 


10 ul 



2. 10 |il of each target DNA (sample or control) was aliquoted into an assigned reaction 



well. 

3. 20 jal of Mineral Oil was added to each well to prevent evaporation. 

4. Samples were incubated at 95°C for 5 minutes in a thermal cycler. 

5. After the temperature was reduced to 63°C; 10 |xl of the INVADER® DNA Assay 
Reaction Mixes were added to the appropriate wells, taking care to add the reaction 
mix below the mineral oil. 

6. Reactions were incubated at 63°C for 5 hours in a thermal cycler. 
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7. The reaction plate was read using the following settings on a CytoFluor Series 4000 
Fluorescence Multi-Well Plate Reader: 



Cycle 1 

Excitation = 485/20 
Emission = 530/25 
Gain = 40 
Reads/well = 10 



Cycle 2 

Excitation = 560/20 
Emission = 620/40 
Gain = 46 
Reads/well = 10 



8. QA acceptance criteria for positive and negative samples: 
Table 1. Mix 1 criteria. 
10 Ratio = FAM AdjNetFOZ (0.01 if <=0/RedFOZ-l) 



Ratio 


FamFOZ 


RedFOZ 


Genotype 


>0.4 


>1.75 


>=2.0 


Positive 


>0.4 


<=1.75 


>=2.0 


Low signal 


<0.275 


NA 


>=2.0 


Negative 


>=0.275 and <=0.4 


NA 


>=2.0 


EQ 


NA 


NA 


<2.0 


Low signal 



Table 2. Mix 2 criteria. 

Ratio = FAM AdjNetFOZ (0.01 if <=0/RedFOZ-l 



Ratio 


FamFOZ 


RedFOZ 


Genotype 


>0.25 


>1.75 


>=2.0 


Positive 


>0.25 


<=1.75 


>=2.0 


Low signal 


<0.175 


NA 


>=2.0 


Negative 


>=0.175 and <=0.25 


NA 


>=2.0 


EQ 


NA 


NA 


<2.0 


Low signal 
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Table 3. Mix 3 criteria. 

Ratio = FAM AdjNetFOZ (0.01 if <=0/RedFOZ-l 
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Ratio 


FamFOZ 


RedFOZ 


Genotype 


>0.3 


>1.75 


>=2.0 


Positive 


>0.3 


<=1.75 


>=2.0 


Low signal 


<0.2 


NA 


>=2.0 


Negative 


>=0.2 and <=0.3 


NA 


>=2.0 


EQ 


NA 


NA 


<2.0 


Low signal 



Table 4. Mix 4 criteria. 

Ratio = FAM AdjNetFOZ (0.01 if <=0/RedFOZ-l 



Ratio 


FamFOZ 


RedFOZ 


Genotype 


>0.275 


>1.75 


>= 2.25 


Positive 


>0.275 


<=1.75 


>= 2.25 


Low signal 


<0.175 


NA 


>= 2.25 


Negative 


>=0.175 and 
<=0.275 


NA 


>= 2.25 


EQ 


NA 


NA 


<2.25 


Low signal 



Example 2 

Alternative Oligonucleotide and Pool Configurations 

In another embodiment, alternative designs were created for some of the 
10 oligonucleotides, and some oligonucleotides were included in different pools. These 
alternative reaction mixes were applied to the analysis of samples as described in 
Example 1. 
Reagents: 

CFTR (I148T) Ml Mut Control (1 vial marked " CA 250 
15 CFTR (1898+1G>A) Ml Mut Control (1 vial marked "CB ", 250 \x\) 

CFTR (1078delT) M2 Mut Control (1 vial marked "CC ", 250 jil) 
CFTR (621+1G>T) M3 Mut Control (1 vial marked "CD", 250 \x\) 
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CFTR (G542X) M4 Mut Control (1 vial marked "CE", 250 ul) 
CFTR (2184delA) M5 Mut Control (1 vial marked "CF", 250 ul) 
Control 4 (No Target Blank) (1 vial marked "C4", 1250 ul) 

5 CLEAVASE X/CF Enzyme or CLEAVASE Enzyme Mix (20 ng/ul, 1 vial, 1 250 M l) 

Reagent Composition: 

CFTR (2184delA) M5 Mut Control is a plasmid construct containing the 2184delA 
sequence suspended in yeast tRNA and buffered nuclease-free water. CFTR (I148T) Ml 
10 Mut Control, CFTR (1898+1G>A) Ml Mut Control, CFTR (1078delT) M2 Mut Control, 
CFTR (621+1G>T) M3 Mut Control, and CFTR (G542X) M4 Mut Control are synthetic 
oligonucleotides suspended in yeast tRNA and buffered nuclease-free water. Control 4 
(No Target Blank) contains yeast tRNA in buffered nuclease-free water. 

15 CONTROL USAGE: 

1. Determine the number (singlicate, duplicate, triplicate, quadruplicate) of controls to be 

tested. Use 10 ul of control material in each reaction. 

2. Treat control materials the same as test samples throughout the INVADER® DNA 
Assay. 

20 3. Control materials and test samples should be analyzed on a fluorescence plate reader. 
EXPECTED RESULTS: 

The CFTR (I148T) Control should react only with assays designed to detect the 
presence of the CFTR (I148T) mutant allele. The CFTR (1898+1G>A) Control should 
react only with assays designed to detect the presence of the CFTR (1898+1G>A) mutant 

25 allele. The CFTR (1078delT) Control should react only with assays designed to detect the 
presence of the CFTR (1078delT) mutant allele. The CFTR (621+1G>T) Control should 
react only with assays designed to detect the presence of the CFTR (621+1G>T) mutant 
allele. The CFTR (G542X) Control should react only with assays designed to detect the 
presence of the CFTR (G542X) mutant allele. The CFTR (2184delA) Control should 

30 react only with assays designed to detect the presence of the CFTR (2 1 84delA) mutant 
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allele. Control 4 (No Target Blank) does not contain any CFTR sequence and, therefore, 
should not react with any assay designed to detect the presence of a CFTR allele. 



1. Preparation of INVADER DNA Reaction Mixes 1-4 (mixes were scaled by number of 
reactions times 1.25): 



Component 
(mixed 
prior to 
addition) 


Volume 

^pcr rxu j iu 

Reaction 
Mixl 


Volume (per 

• All ) lO 

Reaction 
Mix 2 


Volume 
\pvr rxu) 10 
Reaction 
Mix 3 


Volume 
\pvr rxu) 10 
Reaction 
Mix 4 


Volume 
\pvr rxu) iu 
Reaction 
Mix 5 


CFTR Mix 1 


8ui 


0 


0 


0 


0 


CFTR Mix 2 


0 


8ul 


0 


0 


o 


CFTR Mix 3 


0 


0 


8nl 


0 


0 


CFTR Mix 4 


0 


0 


0 


8ul 


0 


CFTR Mix 5 


0 


0 


0 


0 


8ul 


Cleavase 
enzyme mix 


2nl 


2ul 


2ul 


2nl 


2ul 


Total 


10 ul 


10 ul 


10 ul 


10 ul 


10 \il 



2. 10 jal of each target DNA (sample or control) was aliquoted into an assigned reaction 
well. 

3. 20 |iil of Mineral Oil was added to each well to prevent evaporation. 

4. Samples were incubated at 95 °C for 5 minutes in a thermal cycler. 

5. After the temperature was reduced to 63°C; 10 jutl of the INVADER® DNA Assay 
Reaction Mixes were added to the appropriate wells, taking care to add the reaction mix 
below the mineral oil. 

6. Reactions were incubated at 63°C for 5 hours in a thermal cycler. 

7. The reaction plate was read using the following settings on a CytoFluor® Series 4000 
Fluorescence Multi-Well Plate Reader: 

Cycle 1 Cycle 2 

Excitation = 485/20 Excitation = 560/20 

Emission = 530/25 Emission = 620/40 

Gain = 40 Gain = 46 
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Reads/well = 1 0 Reads/well = 1 0 

8. QA acceptance criteria for positive and negative samples: 

Table 5. Mix 1 criteria. R atio = FAMFOZ-1 (Adj to 0.01 if <=0)/RedFOZ-l 



Ratio 


FamFOZ 


RedFOZ 


Genotype 


>0.35 


>=1.75 


>=2.0 


Positive 


>0.35 


<1.75 


>=2.0 


EQ 


<0.2 


NA 


>=2.0 


Negative 


>=0.200 and <=0.35 


NA 


>=2.0 


EQ 


NA 


NA 


<2.0 


Low signal 



5 

Table 6. Mix 2 criteria. 

Ratio = FAMFOZ-1 (Adj to 0.01 if <=0)/RedFOZ-l 



Ratio 


FamFOZ 


RedFOZ 


Genotype 


>0.25 


>=1.5 


>=2.0 


Positive 


>0.25 


<1.5 


>=2.0 


EQ 


<0.125 


NA 


>=2.0 


Negative 


>=0.125and<=0.25 


NA 


>=2.0 


EQ 


NA 


NA 


<2.0 


Low signal 



10 

Table 7. Mix 3 criteria. 

Ratio = FAMFOZ-1 (Adj to 0.01 if <=0)/RedFOZ-l 



Ratio 


FamFOZ 


RedFOZ 


Genotype 


>0.275 


>=1. 5 


>=2.0 


Positive 


>0.275 


<1. 5 


>=2.0 


EQ 


<0.15 


NA 


>=2.0 


Negative | 


>=0.15and<=0.275 


NA 


>=2.0 


EQ 
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NA 


NA 


<2.0 


Low signal 



Table 8. Mix 4 criteria. 

Ratio = FAMFOZ-1 (Adj to 0.01 if <=0)/RedFOZ-l 



Ratio 


FamFOZ 


RedFOZ 


Genotype 


>0. 5 


>=1.75 


>=2.0 


Positive 


>0. 5 


<1.75 


>=2.0 


EQ 


<0.225 


NA 


>=2.0 


Negative 


>=0.225 and <=0. 5 


NA 


>=2.0 


EQ 


NA 


NA 


<2.0 


Low signal 



5 Table 9. Mix 5 criteria. 

Ratio = FAMFOZ-1 (Adj to 0.01 if <=0)/RedFOZ-l 

Pool 5 

Ratio = Fam AdjNetFOZ (0.01 if <=0) / RedFOZ-1 



Ratio 


FamFOZ 


RedFOZ 


! Genotype 


>0.8 


>=1.75 


>=2.0 


Positive 


>0.8 


<1.75 


>= 2.0 


EQ 


<0.65 


NA 


>= 2.0 


Negative 


>=0.65 and <=0.8 


NA 


>= 2.0 


EQ 


NA 


NA 


<2.0 


Low signal 



Example 3 

10 Reagents and Methods for Detection of the AF508 Mutation in Cystic Fibrosis 
Transmembrane Conductance Regulator (CFTR) Gene in a Biplex Format 

Reagents: 

CFTR (AF508) Control 1 (WT) (1 vial marked "CI", 250 ^1) 
15 CFTR (AF508) Control 2 (HET) (1 vial marked "C2", 250 yd) 
CFTR (AF508) Control 3 (MT) (1 vial marked "C3", 250 ^il) 
Control 4 (No Target Blank) (1 vial, marked "C4", 1250 

Reagent Storage: 

Store at -20 °C 
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Reagent Composition: 

CFTR (AF508) Control 1 (WT), CFTR (AF508) Control 2 (HET), and CFTR (AF508) 
Control 3 (MT) are synthetic oligonucleotides suspended in yeast tRNA and 
buffered nuclease-free water. Control 4 (No Target Blank) contains yeast tRNA 
5 in buffered nuclease-free water. 

CONTROL USAGE: 1. Determine the number (singlicate, duplicate, triplicate, 
quadruplicate) of controls to be tested. Use 10 |il of control material in each reaction. 

2. Treat control materials the same as test samples throughout the INVADER® DNA 
Assay. 

10 3. Control materials and test samples should be analyzed on a fluorescence plate 
reader. 

EXPECTED RESULTS: 

CFTR (AF508) Control 1 material should react with only the CFTR (AF508) WT Primary 
Probe (F dye signal); CFTR (AF508) Control 3 material should react with only the CFTR 

15 (AF508) MT Primary Probe (R dye signal); CFTR (AF508) Control 2 material should 
react with both the CFTR (AF508) Primary Probes (F dye and R dye signals); and 
Control 4 (No Target Blank) material should show no specific reaction with either one or 
both of the CFTR (AF508) Primary Probes (F dye and R dye signals). Actual signal 
values depend on reaction volumes, test methods, and the fluorescence plate reader used. 

20 We evaluated the effectiveness of our design by testing the assay on characterized 

genomic samples, where available, and synthetic oligonucleotide targets when no 
genomic samples could be obtained. The first set of INVADER® oligonucleotides 
placed the F508C polymorphism at position -1, one of the critical bases required for 
specificity. This set did not detect the F508C DNA. The second set, designed to detect 

25 the wild type DNA in the presence of all polymorphisms, namely F508C, 1507 V, and I 
506V, placed the polymorphisms at positions 3, 7 and 10, respectively. This set resulted 
in the generation of signal from the wild-type probe in the presence of synthetic targets 
containing either the I507V or I506V benign polymorphisms, consistent with the 
phenotypes of such alterations. 

30 Genotype calls were made using the following criteria: 
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| Ratio 


FamFOZ 


RedFOZ 


Genotype 


>=5 


>=1.75 


NA 


WT 


>=0.5 and <=2 


>=1.75 


>=1.75 


Het 


<=0.2 


NA 


>=1.75 


Mut ] 



A second requirement was the proper discrimination of AF508 and AI507. The 
detection of the mutation AI507 is relegated to a separate test; the purpose of the 508 test 
5 is to report only the AF508 mutation. However, the AF508 and AI507 sequences are 

extremely similar, differing by only one base. Due to the INVADER assay's tolerance of 
a mismatch at specific positions, we incorporated a second, adjacent mismatch into the 
AF508 probe to avoid detection of the AI507 sequence. This resulted in a mismatch at 
position 5 on the AF508 target, and at positions 4 and 5 on the AI507 target. The 
10 mismatch at position 5 is tolerated by the assay, generating robust signal on the AF508 
target, while the two adjacent mismatches at positions 4 and 5 are sufficient to prevent 
signal generation from the AI507 target. 

Example 4 

15 Reagents and Methods for Detection of the 2184delA Mutation in Cystic Fibrosis 
Transmembrane Conductance Regulator (CFTR) Gene in a Biplex Format 

In an alternative embodiment to that described in Example 2, Pool 5 comprises a 
biplex format assay for detecting a wild type or mutant sequence at position 2184. 

20 Reagents: 

CFTR (2184delA) Control 1 (WT) (1 vial marked "CI", 250 |il) 
CFTR (2184delA) Control 2 (HET) (1 vial marked "C2", 250 ^1) 
CFTR (2184delA) Control 3 (Mut) (1 vial marked "C3", 250 
Control 4 (No Target Blank) (1 vial marked "C4 M , 1250 (al) 

2 5 Reagent Storage : 

Store at -20 °C 

Reagent Composition: 
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CFTR (2184deIA) Controls 1-3 are plasmid constructs containing the 2184delA 
sequences suspended in yeast tRNA and buffered nuclease-free water. Control 4 
(No Target Blank) contains yeast tRNA in buffered nuclease-free water. 
CONTROL USAGE: 

5 1. Determine the number (singlicate, duplicate, triplicate, quadruplicate) of controls to be 
tested. Use 10 \i\ of control material in each reaction. 

2. Treat control materials the same as test samples throughout the INVADER® DNA 
Assay. 

4. Control materials and test samples should be analyzed on a fluorescence plate reader. 
10 Exemplary criteria for making genotype calls using this assay are as follows: 



Ratio 


FamFOZ 


RedFOZ 


Genotype 


>=5 


NA 


>=1.75 


WT 


>=0.5 and <=2 


>=1.75 


>=1.75 


Het 


<=0.2 


>=1.75 


NA 


Mut 



Exemplary criteria for the 2184delA plasmid control are as follows: 

2184delA Control 
2 

Ratio = Red AdjNetFOZ(0.15)/Fam AdjNetFOZ(0.15) 



Ratio 


FamFOZ 


RedFOZ 


Genotype 


>=5 


NA 


>=1 .75 


WT 


>=0.375 and <=1.3 


>=1.75 


>=1.75 


Het 


<=0.2 


>=1.75 


NA 


Mut 



EXPECTED RESULTS: 

15 CFTR (2184delA) Control 1 material should react only with assays designed to detect the 
CFTR (2184delA) WT allele (R dye). CFTR (2184delA) Control 3 material should react 
only with assays designed to detect the CFTR (2184delA) Mut allele (F dye). Assays 
designed to detect the CFTR (2184delA) Mut allele should not react with samples 
containing the 2183>AA variant. CFTR (2184delA) Control 2 material should react only 
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with assays designed to detect the CFTR (2184delA) WT and Mut alleles (R and F dyes). 
Control 4 (No Target Blank) does not contain any CFTR sequence and, therefore, should 
not react with any assay designed to detect the presence of a CFTR allele. Actual signal 
values depend on reaction volumes, test methods, and the fluorescence plate reader used. 

Example 5 

Reagents and Methods for Detection of the 3199del6 Mutation in Cystic Fibrosis 
Transmembrane Conductance Regulator (CFTR) Gene in a Biplex Format 

In some embodiments, it may be desired to determine the genotype of a sample at 
nucleotide 3199del6. For example, in some cases, it may be of importance to reflex a 
sample found to contain the I148T allele to determine whether or not it further 
contains the 3199del6 variation. 

Reagents: 

15 CFTR (3199del6) Control 1 (WT) (1 vial marked "CI", 150 jil) 

CFTR (3199del6) Control 2 (HET) (1 vial marked "C2", 150 jLtl) 
CFTR (3199del6) Control 3 (Mut) (1 vial marked "C3'\ 150 ^il) 
Control 4 (No Target Blank) (1 vial marked "C4", 1250 jil) 

Reagent Storage: 

20 Store at -20 °C 

Reagent Composition: 

CFTR (3199del6) Controls 1-3 are synthetic oligonucleotides containing the 
3199del6 sequences suspended in yeast tRNA and buffered nuclease- free water. 
Control 4 (No Target Blank) contains yeast tRNA in buffered nuclease-free water. 
25 CONTROL USAGE: 

1 . Determine the number (singlicate, duplicate, triplicate, quadruplicate) of controls to be 
tested. Use 10 |il of control material in each reaction. 

2. Treat control materials the same as test samples throughout the INVADER DNA 
Assay. 
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3. Control materials and test samples should be analyzed on a fluorescence plate 
reader. 

EXPECTED RESULTS: 

CFTR (3199del6) Control 1 material should react only with assays designed to detect the 
5 CFTR (3 1 99del6) WT allele (F dye). CFTR (3 1 99del6) Control 3 material should react 
only with assays designed to detect the CFTR (3199del6) Mut allele (R dye). Control 2 
material should react only with assays designed to detect the CFTR (3199del6) WT and 
Mut alleles (F and R dyes). Control 4 (No Target Blank) does not contain any CFTR 
sequence and, therefore, should not react with any assay designed to detect the presence 
10 of a CFTR allele. Actual signal values depend on reaction volumes, test methods, and the 
fluorescence plate reader used. 

Example 6 

Reagents and Methods for Detection of the 2183AA>G Mutation in Cystic Fibrosis 
15 Transmembrane Conductance Regulator (CFTR) Gene in a Biplex Format 

In an alternative embodiment, an additional assay comprises a biplex format assay 
for detecting a wild type or mutant sequence at position 2183. 
Reagents: 

CFTR (2183AA>G) Control 1 (WT) (1 vial marked "CI", 250 jxl) 
20 CFTR (2183AA>G) Control 2 (HET) (1 vial marked "C2", 250 ^1) 
CFTR (2183AA>G) Control 3 (Mut) (1 vial marked "C3", 250 jil) 
Control 4 (No Target Blank) (1 vial marked "C4", 1250 jal) 

Reagent Storage: 

Store at -20 °C 

25 Reagent Composition: 

CFTR (2183AA>G) Controls 1-3 are synthetic targets containing the 2183AA>G 
sequences suspended in yeast tRNA and buffered nuclease-free water. Control 4 
(No Target Blank) contains yeast tRNA in buffered nuclease-free water. 
CONTROL USAGE: 
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1 . Determine the number (singlicate, duplicate, triplicate, quadruplicate) of controls 
to be tested. Use 10 \x\ of control material in each reaction. 

2. Treat control materials the same as test samples throughout the INVADER® DNA 
Assay. 

5 3. Control materials and test samples should be analyzed on a fluorescence plate 
reader. 

EXPECTED RESULTS: 

CFTR (2183AA>G) Control 1 material should react only with assays designed to 
detect the CFTR (2183AA>G) WT allele (F dye). CFTR (2183AA>G) Control 3 
material should react only with assays designed to detect the CFTR (2183AA>G) Mut 
allele (R dye). CFTR (2183AA>G) Control 2 material should react only with assays 
designed to detect the CFTR (2183AA>G) WT and Mut alleles (F and R dyes). Control 4 
(No Target Blank) does not contain any CFTR sequence and, therefore, should not react 
with any assay designed to detect the presence of a CFTR allele. Actual signal values 
depend on reaction volumes, test methods, and the fluorescence plate reader used. 

Example 7 

Reagents and Methods for Determining the Genotype of Cystic Fibrosis 
Transmembrane Conductance Regulator (CFTR) Gene in a Biplex Format at 
20 Multiple Loci 

In a further alternative embodiment, additional methods comprise biplex format 
assays for detecting a wild type or mutant sequence at any of several CFTR loci, 
including, but not limited to: A455E, 3659delC, G85E, N1303K, D1270N, R560T, 621+ 
1G>T, 1717-1G>A, 1078delT, R347P, 2184delA (as in Example 4), V520F, R347H, 
25 2183AA>G (as in Example 6), AF508 (as in Example 3), R334W, Rl 17H, 2789+5G>A, 
394delTT, 3849+lOkbOT, W1282X, G542X, 3120+1G>A, I148T, 711+1G>T, S549N, 
Dl 152H, 3199del6 (as in Example 5), 3905insT, Y1092X OG, 3849+4A>G, 3876delA, 
Q493X, G551D, R553X, Rl 162X, F508C, Y1092X OA, S549R A>C, S549R T>G, 
AI507, IVS8 5T/7T/9T, 1898+1 G>A, and Y122X. Assays to determine genotypes at any 
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of these positions in CFTR may be carried out as described herein or in the previously 
described examples, as indicated. 

Experiments were conducted to determine the genotypes of 288 blood samples as 
well as several genomic DNA samples obtained from Coriell (Coriell Cell Repositories, 
5 Camden, NJ) at three distinct CFTR loci: G85E, A455E, and 3659delC. In each case, 
characterized heterozygous samples were obtained from Coriell (cat. nos. NA1 1282 and 
NA13423 for G85E; NA1 1283 and NA1 1290 for A455E, and NA1 1275 for 3659delC). 
Genomic DNA was extracted from blood samples using up to three commercially 
available DNA purification kits according to the manufacturer's instructions, as indicated 
10 in the figure: QIAamp DNA Blood Mini Kit (Qiagen, Inc. Valencia, CA); 

GENERATION Capture Column Kit (Gentra Systems, Minneapolis, MN); or 
PUREGENE DNA Purification Kit (Gentra Systems). Homozygous mutant samples were 
synthetic DNA targets (SEQ ID NO: 19, SEQ ID NO: 5, and SEQ ID NO: 12 for G85E 
mutant, A455E mutant, and 3659delC mutant, respectively). All DNA targets were 
15 denatured at 95 °C for 5 minutes prior to incubation with the INVADER assay reagents. 

The particular FRET probes used in each assay were as indicated in Figure 2. 

INVADER assays were carried out in 384-well skirted hard-shell microtiter plates 
(MJ Research, HSP 3801 or 3901). Reactions comprised the following reagents in a final 
volume of 6 



Reagent 


Final concentration 


MOPS, pH 7.5 


10 mM 


MgCl 2 


14 mM 


CLEAVASE X enzyme 


2ng/ul 


Wild-type probe 
oligonucleotide 


0.5 uM 


Mutant probe 
oligonucleotide 


0.5 uM 


INVADER oligonucleotide 


0.05 uM 


FRET oligonucleotide 
(FAM dye) 


0.25 uM 


FRET oligonucleotide 


0.25 uM 
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(RED dye) 




Final volume 


3 ul 



Aliquots (3 of the reagents listed in the table were added to the appropriate 
wells of a 3 84- well microtiter plate containing 3 jal of the appropriate DNA or no target 
control sample. Genomic DNA was at a concentration of approximately 10 ng/jal; 
5 synthetic DNA controls contained synthetic target at a final concentration of 5 fM, and no 
target controls contained 3 jil of tRNA in distilled H2O at 100ng/|il. Reactions were 
overlaid with 6.5 \il of mineral oil and incubated at the reaction temperature of 63 °C in an 
air incubator (LICONIC Instruments, Mauren Lichtenstein) for 4 hours. The microplates 
were then read in a SAFIRE (Tecan Group Ltd, Maennedorf, Switzerland) microtiter 
10 plate reader. 

Representative results for the analysis of these three alleles are shown in Figure 7. 
These results indicate that the INVADER assays can distinguish homozygous wild type, 
heterozygous, and homozygous mutant sequences at all three loci. Similar results have 
been obtained with assays carried out on between 96-288 genomic DNA samples purified 
15 as described above and at least one heterozygous and one homozygous mutant sample, 
either genomic DNA obtained from Coriel, synthetic DNA or plasmid DNA (i.e. if no 
Coriel sample was available with the desired genotype), to detect additional CFTR 
variants using oligonucleotide sequences included in Figure 3. Exemplary criteria for 
making genotype calls from such experiments are as follows: 

20 



Ratio 


FamFOZ 


RedFOZ 


Genotype 


>=5 


>=1.75 


NA 


WT 


>=0.5 and <=2 


>=1.75 


>=1.75 


Het 


<=0.2 


NA 


>=1.75 


Mut 



For assays to detect 2184delA, the Net FOZ is calculated as follows: 
FAM FOZ-1 for Net FAM FOZ 
RED FOZ-1 .2 for Net RED FOZ 

25 

For assays to detect N1303K, the Net FOZ is calculated as follows: 
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FAM FOZ-1.1 for Net FAM FOZ 
RED FOZ-1 for Net RED FOZ. 

These values are then used to calculate ratios as described above. 
Alternatively, the data can be viewed and assessed graphically as in Figure 7. 

5 

Example 8 

Discrimination of the 5T/7T/9T polymorphism 

A variant in the polypyrimidine tract of intron 8, often referred to as IVS-8 
5T/7T/9T, has been associated with adverse phenotypes when present with additional 

10 CFTR mutations, especially the Rl 17H mutation (Richards, C.S. et al., Genetics in 
Medicine, (2002) 4: 379-391; Strom, CM. et al., Genetics in Medicine, (2002) 4: 289- 
296). In particular, the 5T allele in cis with Rl 17H makes Rl 17H a deleterious CF allele 
(Strom et al, supra). Homozygosity for the 5T variant has been associated with CBAVD 
(congential absence of the vas deferens). There may be further clinical significance of 

15 the 5T allele in trans with other CF alleles (Strom et al., supra). INVADER and probe 
oligonucleotides were designed to detect and discriminate these three alleleic variants of 
IVS8. In the present example, each assay was run in a separate well (i.e. 5T, 7T, and 9T) 
and was biplexed with an oligonucleotide set designed to detect an internal control 
sequence in the 3' UTR (untranslated region) of the CFTR gene. Reactions were carried 

20 out as described in Example 7. In order to ensure inclusion of known genotypic variations 
in the vicinity of this locus, multiple INVADER oligonucleotides were included in the 
three different reactions. The following table indicates which oligonucleotides were 
included in these reactions. 

Reactions comprised standard INVADER assay reagents as in Example 7, except 

25 that individual probes for each assay were combined with multiple INVADER oligos 
were included as follows: 
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Oligo 


5T 


7T 


9T 


Probe (10 nM) 


SEQ ID NO: 273 


SEQ ID NO:274 


SEQ ID NO: 275 


INVADER oligo (0.1 jiM) 


SEQ ID NO: 276 


SEQ ID NO: 276 


SEQ ID NO: 276 


INVADER oligo (0.1 yM) 


SEQ ID NO: 277 


SEQ ID NO: 277 


SEQ ID NO: 277 


INVADER oligo (0.1 \M) 


SEQ ID NO: 278 


SEQ ID NO: 278 


SEQ ID NO: 278 


INVADER oligo (0.1 nM) 


SEQ ID NO: 279 


SEQ ID NO: 279 


SEQ ID NO: 279 


INVADER oligo (0.1 \M) 


SEQ ID NO: 280 


SEQ ID NO: 280 


SEQ ID NO: 280 


FAM FRET (5jiM) 


SEQ ID NO: 281 


SEQ ID NO: 281 


SEQ ED NO: 281 


IC probe (10nM) 


SEQ ID NO: 368 


SEQ ID NO: 368 


SEQ ED NO: 368 


IC INVADER oligo 
(l|iM) 


SEQ ID NO: 367 


SEQ ID NO: 367 


SEQ ED NO: 367 


RED FRET (5^M) 


SEQ ID NO: 372 


SEQ ID NO: 372 


SEQ ED NO: 372 



From each of the tests (5T biplexed with IC, 7T biplexed with IC, and 9T 
biplexed with IC), FOZ ratios were calculated as follows: 



5 FOZ = Raw counts from sample 

Raw counts from No Target Blank 
Using the oligos in Figure 3 for the 5T/7T/9T assay, it has been seen in previous 
experiments that a positive result in the 9T assay may also be indicative of the presence 
of the 7T allele. Therefore, alternative means of manipulating the FOZs obtained from 

10 these assays have been contemplated to use the combined output of all three assays to 
arrive at genotype determinations. In one approach, ratios of the adj Net FOZ values 
(FOZ - 1, unless FOZ-K0.15, then use 0.15) of the 9T and 7T assays relative to the adj 
Net FOZ values of their Ics were used to calculate a 9T/7T ratio and the two values 
compared in order to arrive at the poly T genotype, calls for all three alleles as follows: 

15 In all cases indicates a ratio > 1.75 of the FOZ of the test assay (i.e. 5T, 7T, or 9T) . 
NA= not applicable. 
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Genotype 


5TFOZ 


7T FOZ 


9T FOZ 


9T/7T ratio 


5T/5T 


+ 


— 


- 


NA 


5T/9T 


+ 


- 


+ 


>5.16 


5T/7T 


+ 


+ 


+/- 


<0.67 


7T/7T 




+ 


+/- 


<0.67 


7T/9T 




+ 


+ 


0.99-2.24 


9T/9T 






+ 


>5.16 



From this analysis, it can be determined whether or not the 7T allele is present. 
5 The 5T and 7T assays in combination with the 9T/7T ratios enables the determination of 
each genotype. Representative results are presented in Figure 8. 

In another approach, the ratio of the 7T adj Net FOZ value (FOZ - 1, unless FOZ- 
K0.15, then use 0.15)/ IC adj Net FOZ value is subtracted from the ratio of the 9T adj 
10 Net FOZ value/IC adj Net FOZ. The relation to zero (i.e., positive or negative) of the 
difference is compared to the FOZ value for each T allele in order to arrive at the poly T 
genotype calls for all three alleles as follows: 

In all cases "+" indicates a ratio > 1.75 of the FOZ of the test assay (i.e. 5T, 7T, or 9T). 
NA= not applicable. 



Genotype 


5T FOZ 


7T FOZ 


9T FOZ 


9T-7T difference 


5T/5T 


+ 






NA 


5T/9T 


+ 




+ 


Positive 


5T/7T 


+ 


+ 


+/- 


Negative 


7T/7T 




+ 


+/- 


Negative 


7T/9T 




+ 


+ 


Positive 


9T/9T 






+ 


Positive 
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The 5T and 7T assays in combination with the 9T-7T difference enables determination of 
each genotype. Negative values in the 9T-7T difference column indicate absence of the 
9T allele; positive values indicate presence of the 9T allele. 

5 

Example 9 

Multiplex analysis of limited-cycle PCR reactions 

Multiplexed amplification is a method whereby multiple loci are co-amplified in a 
single reaction vessel. In some embodiments, such amplified fragments are then 

10 subjected to subsequent analysis. This example relates to the analysis of a large collection 
of loci from a single gene, i.e. CFTR, involving limited cycle multiplex PCR 
amplification (described in US app. no. 10/321,039, herein incorporated by reference in 
its entirety) to generate multiple amplicons in a single reaction vessel. Alternative 
multiplex PCR approaches for analysis of CFTR mutations are described in Makowski, 

15 G.S. et al., Ann. Clin. Lab. Sci., (2003) 33: 243-250, herein incorporated by reference in 
its entirety. 

In this example, two different approaches were used to combine limited cycle, 
multiplexed PCR amplification with subsequent mutation detection by the INVADER 
assay. In one approach, the genotyping assays described in Example 7 were used to 
20 analyze limited-cycle, multiplex PCR products. In the other approach, the pooling assays 
described in Examples 1 and 2 were used. In both cases, PCR amplification was carried 
out as follows. 

A master mix was made containing all of the primers in the following table at a 
concentration of 1 \iM each. Primers were designed according to the following rules: 
25 1 . Primers were selected to amplify all regions of the CFTR gene where one or more 
mutations are located. 

2. Primers were selected to amplify multiple adjacent mutations whenever possible. 

3. Primers were selected to minimize amplicon length and never exceed 400 bp. In the 
cases where multiple mutations were on the same exon but at 1-200 bp from each 

30 other, primers were designed to amplify the entire region and also to amplify two 
separate, smaller regions. 
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4. Primers were designed to be between 20 and 30 bases long. 

5. Primers were selected to NOT have the following 3' sequences, representing the 5 5 
flaps 

. . .GAGGX or GAGGXX 
5 . . .GGAGX or . ..GGAGXX 
...GACGXor GACGXX 
. . .GACAX or ..>GACAXX 

6. Primers were selected to have a Tm of 67.6 °C (min, 67.2 °C, max 68.2 °C) or a Tm 
using the PRIMERDESIGNER algorithm (described in US Pat. Appl. No: ) of about 

10 58.2 °C. 

7. Primers were selected to have one of the following 3 5 ends 

AAA, ACA, ACC, AGA, AAC, CAA, ACA, CCA, CCC, GAC, GGA, GCC, GAA, 
TAC, TCA, TAA, CAC 

8. When several primer options were available, the primer that gave the shortest 

15 amplified sequence and/or the one that had a length closest to 25 bases was selected. 

9. Primer sequences were checked for accuracy against the Golden Path July 2003 
genome assembly. 

Primers used are listed in Figure 5. 

A PCR master mix was made to amplify characterized genomic DNA samples obtained 
20 from Coriel, containing the following components and run for 20 cycles of amplification. 
The number of cycles was chosen based on preliminary experiments to calibrate 
amplification factor relative to starting DNA quantity. A reduced quantity of DNA (i.e. 2 
ng) was added to these experiments relative to previous experiments in which 17 cycles 
of amplification were applied to starting DNA quantities of 20 ng (as described in U.S. 
25 Patent Appl. Ser. No. 60/5 1 1955, filed on October 16, 2003, incorporated by reference 
herein in its entirety). 

The Coriell samples were numbered as follows (e.g. "C" n) 
Coriell # Genotype 

1 NA11277 1507 del HET 

2 NA11280 711+1G>T/621+1G>THET 

3 NA01531 delF508HOM 
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4 NA04539 

5 NA07381 

6 NA07441 

7 NA07469 

8 NA11283 

9 NA11284 

10 NA11286 

11 NA11290 

12 NA07552 

13 NA08342 

14 NA11275 

15 NA12785 

16 NA11472 

17 NA11496 

18 NA11497 

19 NA11723 

20 NA11761 

21 NA11282 

22 NA12960 

23 NA13032 

24 NA13033 

25 NA13423 

26 NA11859 

27 NA11860 

28 NA12444 

29 NA12585 

30 NA13591 

31 NA08338 

32 NA11281 
34 NA12961 



delF508 HOM 

delF508/3849+10kb HET 

3120+1G>A/621+1G>T HET 

delF508/R553X 

A455E/delF508 HET 

R560T/delF508 HET 

delF508/G551DHET 

A455E/621+1G>THET 

delF508/R553X 

delF508/G551DHET 

3659delC/delF508 HET 

G551D/R347PHET 

G1349D/N1303KHET 

G542X HOM 

G542X HET 

W1282X HET 

G551D/R553XHET 

G85E/621+1G>THET 

R334W/unknown mutation 

HET 

I506V 

F508C 

G85E/D1152H HET 
2789+5G>A HOM 
3849+lOkb HOM 
1717-1G>AHET 
R1162X HET 
delF508/R117H HET 
G551D 

621+lG>T/delF508 
V520F 
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35 NA11278 Q493X/delF508 

36 NA11285 Y1092X (OA)/delF508 

38 NA00946 AN1 

39 NA00130 AN2 

Materials: 

1. Genomic DNAs, lOng/^il NON denatured. (Dilute to lng/^1 below). 2ng genomic 
DNA were added per 20ul reaction 
5 2. tRNA, 30ug/ml 

3. dNTPs 1.25mM 

4. lOx PCR buffer PE biosystems lot: D09868 

5. Taq polymerase (Amplitaq- PE Biosystems) lot: D09775 

6. Taqstart antibody SI 476, lot 3040648 
10 7. Thinwalled tubes 

8. Te (negative control) 

9. nuclease-free water 

10. 20plex CFTR primer pairs, 1|4M each 

15 Methods: 

1. Dilute genomic DNAs 1:10 in Te. (20ul of lOng/ul + 180^1 Te)= lng/^il 

2. Prepare PCR mixes minus 2(4.1 genomic DNA: 



A. TaqAb 




20ulrxn 








lx 




40x 


taq 




0.4 


ul 


16 


Taqstart ab 




0.4 


ul 


16 


water 




8 


ul 


320 


dNTPs 




3.2 


ul 


128 


lOxPCR buffer 


2 


ul 


80 


CFTR 20plex 




4 


ul 


160 
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primers 














18 


ul 


720 



Divide into 39 wells of an MJ plate, 18(al each 
To each well add 2jil lng/(il genomic DNA or Te 
Cover all with 15ul chill out and foil 
5 C Y refers to the numbers of the genomic DNA samples. 





2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


A 


C1 




C3 


C4 


C5 


C6 


C7 


C8 


C9 


C10 


B 






















C 


C11 


C12 


C13 


C14 


C15 


C16 


C17 


C18 


C19 


C20 


D 






















E 


C21 


C22 


C23 


C24 


C25 


C26 


C27 


C28 


C29 


C30 


F 






















G 


C31 


C32 




C34 


C35 


C36 




Te 


Te 


Te 


H 










C14, 
20ng 













Incubate plate "PCR20" 

95C 2.5 min 



10 95C 30 sec 

55C 1.5 min 
72C 2.5 min 

x20 cycles 

99C 10 min 
15 10C hold 

Sample dilution 

1. Bring plates to room temp to melt chill out. 
Dilute samples 1:5: 

to each 20ul PCR reaction add 80 |al Te=100ul of 1 :5. Bring plates to 4C to harden 
20 chill out wax. 

2. Further dilute samples (in 96well reaction plate): 

1:10 (15ul of 1:5 +135ul Te) = 150ul of 1 :50 
Cover plates tightly with foil and heat all 95C 5 min; cool to room temp. 

72 



Dilution plate layout, (duplicate dilutions): 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


A 

B 

C 
D 

E 

F 

G 

H 


C1 


C10 


C18 


C26 


C35 


C1 


C10 


C18 


C26 


C35 




C3 

y*l 


C11 


C19 


C27 

% ■ " ■ 


C36 

• ■ 4 


C3 


C11 


C19 


C27 


C36 


C4 


C12 


C20 


C28 


C14 20ng 


C4 


C12 


C20 


C28 


C14 20ng 


C5 


C13-* 


C21 


C29 


NTC 


C5 


C13 


C21 


C29 


NTC 




C6 


C14 ? 


C22 


C30 




C6 


C14 


C22 


C30 




C7 


C15; 


C23 


f C31 

• i V,M: 




C7 


C15 


C23 


C31 




C8 

twit*.-; 


I C16| 


C24 


C32y 




C8 


C16 


C24 


C32 




C9 


C17 


G25 






C9 
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5 PCR reaction products were diluted 1 :50 in Te prior to testing by the INVADER assay in 
96 well microtiter plates. Aliquots of 10 \i\ of a master mix containing two probe and one 
INVADER oligo, two FRET cassettes, CLEAVASE X, MgC12, and MOPS at the final 
concentrations indicated in Example 7 were added to the appropriate wells. The probe, 
INVADER, and FRET cassette sequences were as indicated in Figure 3 for the various 

10 alleles tested. Aliquots of 10 |il of denatured, diluted PCR products were added to the 
appropriate wells, the reactions were overlaid with 1 5 pi mineral oil and incubated at 
63°C. Reactions were read in a CYTOFLUOR fluorescence microplate reader at 20 and 
40 minute intervals. Representative results are presented in Figure 9A. Comparison of 
these and other similar results for the other alleles tested indicated that there was 

1 5 complete concordance between the genotype determinations made using the INVADER 
assay to analyze PCR amplified targets and the genotypes as described by Coriel. Similar 
results were obtained with PCR reactions run for 17 cycles. 

Additional experiments were carried out on 2 mm punches from FTA cards 
spotted with human blood samples. Paper punches containing blood spots were treated in 

20 several different ways as follows: 

Extraction variations, each using one 2mm punch. Sets of 5 tubes at each condition 

1. water, 3x150^1 (15'each), 
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2. water +0.2% Tween-20, 2xl50|xl (15'each), water, lxl 50ul 

3. FTA purification reagent, 2xl50ul (15'each), water, lxl50(xl 

4. PBS, 2xl50ul (3' each); water lxl50ul, 

5. PBS +0.2% Tween-20, 2xl50ul (3' each), lxl50ul water, 

5 

Test samples were treated as follows: 

I- 5: Washing done at room temp. 
6-10: Washing done at 37C 

II- 15: Washing done at room temp. 
1 0 16-20: Washing done at 37C 

21-22: Punch from clear area (no blood). Washed 3 X 150 pi, 15 min each, in water. 
After last step drain well and cap. Hold over weekend at 4C. 

1 5 Each treated punch was added to PCR reactions as follows. 

Use one 2mm punch per lOul reaction, with 17 and 20 cycles of amplification. Dilute 
reactions 1:10 and use 2 and 4pl in 20ul invader reactions. 

Materials: 

20 11. Blood card punches 
1,11 
2, 12 
3, 13 
6, 16 

25 7, 17 

8, 18 

21,22 (NTC) 

12. tRNA, 30pg/ml pN 21319 lot 3050121 

13. dNTPs 1.25mM 1591-56 

30 14. lOx PCR buffer PE biosystems lot: D09868 

15. Taq polymerase (Amplitaq- PE Biosystems) lot: D09775 
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16. Taqstartab S1476 3040648 

17. Thinwalled tubes 

18. Te (-control) 21004 A156414 

19. nuclease-free water 

5 20. 20plex CFTR primer pairs, 1 uM each diluted on 1 789-06 
21. G2, lOng/ul 
Methods: 

1 . Prepare PCR mixes minus 2(xl genomic DNA: 



A. TaqAb 
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ul 


18 


CFTR20plex 
primers 




2 
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36 
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144 



Divide into 14 thin walled tubes with wet punches, 8^1 reaction mix each 
To tubes 8 and 16 add 2\i\ genomic DNA (G2, lOng/^il) 
Cover all with 15ul chill out 
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Incubate tubes 1-8 "PCR-NJ' 
95C 2.5 min 



95C 30 sec 
55C 1.5 min 
72C 2.5 min 
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xl7 cycles 



99C 10 min 
IOC hold 



Incubate tubes 9-16 "PCR20' 
95C 2.5 min 



15 



95C 30 sec 



55C 1.5 min 
72C 2.5 min 

x20 cycles 

99C 10 min 
5 10C hold 

Sample dilution 

Bring plates to room temp to melt chill out. 
Dilute samples 1:10: 
10 to each lOjal PCR reaction add 90 |al Te=100jal of 1 : 10. 
Cap tubes tightly and heat all 95C 5 min; cool to room temp. 

INVADER assays were run as described above using appropriate probe, 
INVADER, and FRET oligonucleotides from Figure 3. Results presented in Figure 9B 
1 5 indicate the performance in representative INVADER assays of the punches treated in the 
various ways described. Representative results obtained with FTA punches washed under 
condition 3 (FTA wash buffer at room temperature) are presented in Figure 9C and were 
concordant with previously established genotypes for each sample. These results indicate 
that the INVADER assay can be applied to blood samples obtained from FTA cards and 
20 amplified in a limited cycle, multiplex PCR reaction. 

Similar experiments were carried out using pooled INVADER assays as described 
in Examples 1 and 2. In this case, as in Examples 1 and 2, INVADER reactions are 
directed to mutant alleles of select CFTR loci and to an internal control sequence. PCR 
primers were designed to amplify the internal control sequence detected using INVADER 
25 and probe oligos in Figure 5. Note that in the experiments described above, SEQ ID NO: 
407 was used as the forward primer for exon 17 A. In this experiment, SEQ ID NO: 416 
was used. The PCR primers for the internal control were as follows: 
Vs1 Int std F (SEQ ID NO: 517) TGATGGTGGTATGTTTTCAGGCTAGA 
Vs1 Int std R (SEQ ID NO: 518) GTTCTCCCCTGTCCCAGTTTTAAC 

21-plex PCR reactions were carried out as described above, for 17 cycles, with 
30 the addition of the internal control primer pair. Amplicons were diluted 1 :20 in Te prior 
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to analysis in the pooled INVADER assays of Example 2 as well as a select subset of the 
genotyping assays as described above and as indicated in the figure. Reactions were run 
with either 2 or 4 |il of the 1 :20 diluted multiplex PCR reactions in the appropriate wells. 
Representative results are presented in Figure 9D and indicate that in each case, the 
5 INVADER assay was able to discriminate the presence of a mutant allele, e.g. in pool 3 
(621+1G>T) and pool 4 (G85E). Moreover, the internal control was detected in each 
pooled reaction. As for assays carried out directly from genomic DNA, there is a desire 
when using amplified target DNA to confirm that an appropriate amount of DNA is 
added to the INVADER reactions such that the internal control signal is within the 
10 indicated ranges for making valid determinations (examples of such ranges are presented 
in Examples 1 and 2). 

All publications and patents mentioned in the above specification are herein 
incorporated by reference as if expressly set forth herein. Various modifications and 

15 variations of the described assays of the invention will be apparent to those skilled in the 
art without departing from the scope and spirit of the invention. Although the invention 
has been described in connection with specific preferred embodiments, it should be 
understood that the invention as claimed should not be unduly limited to such specific 
embodiments. Indeed, various modifications of the described modes for carrying out the 

20 invention that are obvious to those skilled in relevant fields are intended to be within the 
scope of the following claims. 
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